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(57) Abstract: The current invention provides methods (e.g., large-scale 
processes) for the production of nucleotide sugars, which are modified with 
a polymeric modifying group, such as poly(alkylene oxide) moieties (e.g., 
poly(ethylene glycol) or poly (propylene glycol)) moieties. A typical process of the 
invention includes anion exchange chromatography followed by an ultrafiltration 
procedure, such as tangential flow filtration. The process of the invention provides 
modified nucleotide sugars in unexpectedly high purity and high overall yields. 
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IMPROVED PROCESS FOR THE PRODUCTION OF NUCLEOTIDE SUGARS 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 1 19(e) to U.S. Provisional Patent 
5 Application No. 60/943,527 filed June 12, 2007, U.S. Provisional Patent Application No. 
60/968,274 filed August 27, 2007, and U.S. Provisional Patent Application No. 60/970,247 
filed September 5, 2007, each of which is incorporated herein by reference in their entirety 
for all purposes. 

Field of the Invention 

1 0 [0002] The invention relates to methods of making sugar-nucleotides, wherein the sugar 
moiety is modified with a polymeric modifying group. 

BACKGROUND OF THE INVENTION 

[0003] Nucleotide sugars produced via enzymatically catalyzed reactions (e.g., using 
glycosyltransferases) and/or other synthetic methods are often obtained in the form of 

1 5 complex mixtures that include not only the desired compound but also contaminants such as 
unreacted sugars, salts, pyruvate, phosphate, nucleosides, nucleotides, proteins and the like. 
The presence of these contaminants is undesirable for many downstream applications. Side 
products are typically removed using one or more chromatographic purification steps. A 
common chromatographic method is reverse-phase chromatography. However, reverse- 

20 phase chromatography is often not feasible for large-scale applications due to expensive 

separation media and limited supply of pre-packed columns. In addition, for reverse-phase 
chromatography, organic solvents are typically required for optimal separation and 
resolution. A need exists for cost- and time-efficient processes and purification methods 
useful for the production of nucleotide sugars and their isolation from complex reaction 

25 mixtures. The present invention addresses this and other needs. 

SUMMARY OF THE INVENTION 

[0004] The current invention provides methods (e.g., large-scale processes) for the 
production of nucleotide sugars, which are modified with a polymeric modifying group. 
Exemplary modifying groups include at least one polymeric moiety selected from 
30 poly(alkylene oxide) moieties, such as poly(ethylene glycol) (PEG) and poly(propylene 
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glycol) (PPG) moieties. In particular, the current invention provides processes for the 
production of modified cytidine-monophosphate-sialic acids (CMP-SA). Exemplary 
modified nucleotide sugars, which can be produced using the methods of the invention, 
include CMP-SA-PEG-10 kDa, CMP-SA-PEG-20 kDa and CMP-SA-glycerol-PEG-40 kDa 
5 (see Figure 2 for exemplary CMP-SA-PEGs). 

[0005] Modified nucleotide sugars are used, e.g., in glycoconjugation (e.g., 
GlycoPEGylation) processes. Various methods for the synthesis of modified nucleotide 
sugars (e.g., CMP-SA-PEGs) have been described. See e.g., WO2003/31464 filed October 9, 
2002, WO2004/99231, filed April 9, 2004 and WO2007/056191, filed November 3, 2006, the 
1 0 disclosures of which are incorporated herein by reference in their entirety for all purposes. 

[0006] Modified nucleotide sugars can be prepared by reacting a nucleotide sugar 
derivative incorporating a reactive functional group (e.g., an amino group) with a reactive 
polymeric reagent, such as a PEG-p-nitrophenyl (pNP) carbonate. For example, CMP-SA- 
PEGs, such as CMP-SA-PEG-10 kDa, CMP-SA-PEG-20 kDa and CMP-SA-glycerol-PEG- 

15 40 kDa, can be prepared by reacting CMP-SA-Glycine (GSC) with a PEG reagent 

incorporating a /?-nitrophenyl carbonate moiety. An exemplary synthetic route according to 
this embodiment is outlined in Figure 2. Unexpectedly, the inventors have discovered that a 
pH range between about 8.0 and about 8.8 in an aqueous solvent system is critical during the 
coupling reaction between PEG-/?-nitrophenyl (pNP) carbonates (e.g., mPEG-p-nitrophenyl) 

20 and a nucleotide sugar derivative (e.g., CMP-SA-glycine). The optimized pH range largely 
reduces the formation of side-products due to hydrolysis of the reaction partners, and thus 
significantly increases yields and purities for the final products. 

[0007] The current invention describes processes, which incorporate less production steps 
and provide modified nucleotide sugars (e.g. CMP-SA-PEGs) with improved purities and 

25 overall yields when compared to known methods. A typical process incorporates (a) anion 
exchange chromatography (AEX), which is useful, e.g., to remove PEG-based impurities. 
Anion exchange chromatography is followed by (b) desalting of the partially purified product 
solution using membrane filtration (i.e., ultrafiltration), such as tangential flow filtration 
(TFF). A representative process of the invention is depicted in Figure 1 . In one example, the 

30 TFF step uses a membrane with a molecular weight cutoff (MWCO) significantly smaller 

than the molecular weight of the modified nucleotide sugar being purified. For example, for 
CMP-SA-PEG-10 kDa, CMP-SA-PEG-20 kDa and CMP-SA-glycerol-PEG-40 kDa a 
membrane with a molecular weight cutoff between about 10 kDa and about 1 kDa is used. 
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The improved process does not require ultrafiltration (e.g., TFF) before anion exchange 
chromatography. Instead, the volume of the crude reaction mixture can be reduced by 
evaporating part of the solvent that is present in the reaction mixture (e.g., THF). In one 
example, evaporation is accomplished using rotary evaporation. The volume-reduced 
5 mixture can then be filtered to remove particles, for example, through a 0.22 jum filter, before 
the mixture is subjected to anion exchange chromatography. In one example, modified 
nucleotide sugars (e.g., CMP-SA-PEGs) produced by a method of the invention, are obtained 
with purities greater than about 90% (w/w) and isolated yields between about 60 and about 
80%. 

1 0 [0008] In various examples, the invention provides a method of making a composition that 
includes a modified nucleotide sugar covalently linked to a polymeric modifying group, 
wherein the polymeric modifying group includes at least one linear or branched poly(alkylene 
oxide) moiety. The method includes: (i) contacting a reaction mixture comprising the 
modified nucleotide sugar with an anion exchange medium; (ii) eluting the modified 

1 5 nucleotide sugar from the anion exchange medium thereby forming an eluate fraction 

containing the modified nucleotide sugar; and (iii) desalting the eluate fraction. The method 
does preferably not include ultrafiltration (e.g., TFF) prior to anion exchange 
chromato graphy . 

[0009] In a particular example, the method of the invention includes: (i) contacting a 
20 nucleotide sugar derivative including a primary amino group with an activated poly(alkylene 
oxide) moiety incorporating a /?-nitrophenyl carbonate moiety under conditions sufficient to 
form a covalent bond between the amino group of the nucleotide sugar derivative and the 
poly(alkylene oxide) moiety. The contacting occurs in the presence of an aqueous solvent 
having a pH between about 8.0 and about 8.8. A reaction mixture is formed, which includes 
25 the modified nucleotide sugar. The method further include (ii) contacting the reaction 

mixture with an anion exchange medium and (iii) eluting the modified nucleotide sugar from 
the anion exchange medium forming an eluate fraction that contains the modified nucleotide 
sugar. The method can further include: (iv) desalting the eluate fraction using membrane 
filtration; and (v) removing water from the eluate fraction. The method does preferably not 
30 include ultrafiltration prior to step (i). 

[0010] The invention further provides a modified nucleotide sugar produced by a method 
of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1] Figure 1 is a diagram of an exemplary production process of the invention. 

[0012] Figure 2 is a synthetic scheme outlining exemplary methods for the synthesis of 
5 CMP-SA-PEGs incorporating linear (e.g., CMP-SA-PEG-10 kDa and CMP-SA-PEG-20 

kDa) and branched (e.g., CMP-SA-PEG-glycerol-40 kDa) PEG moieties. In Figure 2, n is an 
integer selected from 1 to 2500. 

[0013] Figure 3 is a diagram summarizing side -products formed during the synthesis of 
nucleotide-sugar PEGs (e.g., CMP-SA-PEGs) using a coupling reaction involving a 
1 0 nucleotide sugar derivative (e.g., CMP-SA-glycine) and a PEG-p-nitrophenyl carbonate 
reagent (e.g., mPEG-pNF). The impurities mPEG-OH and /^-nitrophenol (PNP) can be 
formed during the hydrolysis of mPEG-/?-nitrophenyl carbonate. CMP can be formed via 
hydrolysis of CMP-SA glycine and/or CMP-SA-PEG. SA-PEG can be formed by hydrolysis 
of CMP-SA-PEG. In Figure 3, n is an integer selected from 1 to 2500. 

1 5 [0014] Figure 4 is an anion exchange chromatogram obtained during the purification of 
CMP-SA-PEG-10 kDa using a Q Sepharose Big Beads chromatography column and a step- 
wise sodium bicarbonate elution protocol as described in Example 2.2 (5 mM NaHCCb for 
0.6 CV; 30 mM for 3 CV; and 1 M for 7 CV). The retention times were: SA-PEG- 10 kDa 
(55 min); CMP-SA-PEG-10 kDa (63 min); CMP and CMP-SA-Gly (GSC, 1 10 min) and p- 

20 nitrophenol (180 min). 

[0015] Figure 5 is an anion exchange chromatogram obtained during the purification of 
CMP-SA-PEG-10 kDa using a Q Sepharose Big Beads chromatography column and sodium 
bicarbonate gradient elution as described in Example 7 (0-30 mM over 3 CV; 30 mM for 2 
CV; 30 mM to 280 mM over 5 CV; and 1 M for 10 CV). 

25 [0016] Figure 6 is an anion exchange chromatogram obtained during the purification of 
CMP-SA-PEG-20 kDa using a Q Sepharose Big Beads chromatography column and a 
sodium bicarbonate stepwise elution protocol as described in Example 2.3 (2 mM NaHC0 3 
for 1 CV; 30 mM for 3 CV; and 1 M for 7 CV). The retention times were: SA-PEG-20 kDa 
(55 min); CMP-SA-PEG-20 kDa (75 min); CMP and CMP-SA-Gly (120 min) and p- 

30 nitrophenol (200 min). 
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[0017] Figure 7 is an anion exchange chromatogram obtained during the purification of 
CMP-SA-PEG-40 kDa using a Q Sepharose Big Beads chromatography column and a 
sodium bicarbonate stepwise elution elution protocol as described in Example 2.4 (2 mM for 
1 CV and 30 mM for 3 CV). 

5 [0018] Figure 8 is an anion exchange chromatogram obtained during the purification of CMP-SA- 
PEG-40 kDa using a Q Sepharose Big Beads chromatography column and a sodium bicarbonate 
elution as described in Example 7 (2 mM NaHCC>3 for 4 CV). 

DETAILED DESCRIPTION OF THE INVENTION 

I. Abbreviations 

10 [0019] PEG, poly(ethyleneglycol); PPG, poly(propyleneglycol); Ara, arabinosyl; Fru, 

fructosyl; Fuc, fucosyl; Gal, galactosyl; GalNAc, N-acetylgalactosaminyl; Glc, glucosyl; 
GlcNAc, N-acetylglucosaminyl; Man, mannosyl; ManAc, mannosaminyl acetate; Xyl, 
xylosyl; andNeuAc, sialyl (N-acetylneuraminyl); M6P, mannose-6-phosphate; BEVS, 
baculovirus expression vector system; CV, column volume; NTU, nominal turbidity units; 

15 wm, volume/volume/min; ACN, acetonitrile; mcL, microliter; RO, reverse osmosis. 

II. Definitions 

[0020] Unless defined otherwise, all technical and scientific terms used herein generally 
have the same meaning as commonly understood by one of ordinary skill in the art to which 
this invention belongs. Generally, the nomenclature used herein and the laboratory 

20 procedures in cell culture, molecular genetics, organic chemistry and nucleic acid chemistry 
and hybridization are those well known and commonly employed in the art. Standard 
techniques are used for nucleic acid and peptide synthesis. The techniques and procedures 
are generally performed according to conventional methods in the art and various general 
references (see generally, Sambrook et al. Molecular Cloning: A Laboratory Manual, 

25 2d ed. (1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., which is 
incorporated herein by reference), which are provided throughout this document. The 
nomenclature used herein and the laboratory procedures in analytical chemistry, and organic 
synthetic described below are those well known and commonly employed in the art. 
Standard techniques, or modifications thereof, are used for chemical syntheses and chemical 

30 analyses. 

5 
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[0021] The term "nucleotide sugar" is used interchangeably with the term "sugar 
nucleotide" and refers to a nucleotide covalently linked to an additional sugar moiety, such as 
sialic acid. The nucleotide sugar is optionally cavalently modified with a polymeric 
modifying group, such as a linera or branched PEG moiety.. 

5 [0022] The "sugar moiety" of the nucleotide sugar of the invention is selected from both 
natural and unnatural furanoses and hexanoses. The unnatural saccharides optionally include 
an alkylated or acylated hydroxyl and/or amine moiety, e.g., ethers, esters and amide 
substituents on the ring. Other unnatural saccharides include an H, hydroxyl, ether, ester or 
amide substituent at a position on the ring at which such a substituent is not present in the 
1 0 natural saccharide. Alternatively, the carbohydrate is missing a substituent that would be 
found in the carbohydrate from which its name is derived, e.g., deoxy sugars. Still further 
exemplary unnatural sugars include both oxidized (e.g., -onic and -uronic acids) and reduced 
(sugar alcohols) carbohydrates. The sugar moiety can be a mono-, oligo- or polysaccharide. 

[0023] Exemplary natural sugars of use in the present invention include glucose, galactose, 
1 5 fucose, mannose, xylanose, ribose, N-acetyl glucose (GlcNAc), sialic acid and N-acetyl 
galactose (GalNAc). 

[0024] Similarly, the nucleoside can be selected from both natural and unnatural 
nucleosides. Exemplary natural nucleosides of use in the present invention include cytosine, 
thymine, guanine, adenine and uracil. A variety of unnatural nucleosides and methods of 
20 making them are known in the art. 

[0025] The term "sialic acid" refers to any member of a family of nine-carbon carboxylated 
sugars. The most common member of the sialic acid family is N-acetyl-neuraminic acid (2- 
keto-5-acetamido-3 ,5-dideoxy-D-glycero-D-galactononulopyranos- 1 -onic acid (often 
abbreviated as Neu5Ac, NeuAc, NAN or NANA). A second member of the family is N- 

25 glycolyl-neuraminic acid (NeuSGc or NeuGc), in which the N-acetyl group of NeuAc is 

hydroxylated. A third sialic acid family member is 2-keto-3-deoxy-nonulosonic acid (KDN) 
(Nadano et al. (1986) J. Biol. Chem. 261 : 1 1550-1 1557; Kanamori et ah, J. Biol. Chem. 265: 
21811-21819 (1990)). Also included are 9-substituted sialic acids such as a 9-0-Ci-C 6 acyl- 
Neu5Ac like 9-0-lactyl-Neu5Ac or 9-0-acetyl-Neu5Ac, 9-deoxy-9-fluoro-Neu5Ac and 9- 

30 azido-9-deoxy-Neu5Ac. For review of the sialic acid family, see, e.g., Varki, Glycobiology 2: 
25-40 (1992); Sialic Acids: Chemistry, Metabolism and Function, R. Schauer, Ed. (Springer- 
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Verlag, New York (1992)). The synthesis and use of sialic acid compounds in a sialylation 
procedure is disclosed in international application WO 92/16640, published October 1, 1992. 

[0026] The term "anion-exchange chromatography" includes procedures involving packed 
columns as well as procedures involving anion-exchange membranes. The term "anion 
5 exchange chromatography" includes chromatography performed using any mixed-mode 
medium having anion-exchange capabiliteis. 

[0027] The term "aqueous solvent" describes solvents incorporating at least about 10%, at 
least about 20%, at least about 30%, at least about 40%, at least about 50%, at leats about 
60%, at least about 70% or at least about 80% water (v/v). The aqueous solvent can 
1 0 optionally include water-miscible organic solvents, such as alcohols (e.g., methanol, ethanol 
or butanol), THF and other aliphatic or cyclic ethers. 

[0028] The term "polymeric modifying group" refers to any polymer attached to a 
nucleotide sugar of the invention. The polymeric modifying group can be water-soluble or 
essentially water-insoluble. Exemplary water-soluble polymers of use in the present 
1 5 invention include PEG, m-PEG and other functionalized PEG moieties, m-PPG, PPG, 
polysialic acid, polyglutamate, polyaspartate, polylysine, polyethyeleneimine and 
biodegradable polymers (e.g., polylactide, polyglyceride). 

[0029] The term "water-soluble" refers to moieties that have some detectable degree of 
solubility in water. Methods to detect and/or quantify water solubility are well known in the 

20 art. Exemplary water-soluble polymers include peptides, saccharides, poly(ethers), 

poly(amines), poly(carboxylic acids) and the like. Peptides can have mixed sequences of be 
composed of a single amino acid, e.g., poly(lysine). An exemplary polysaccharide is 
poly(sialic acid). An exemplary poly(ether) is poly(ethylene glycol), e.g., m-PEG. 
Poly(ethylene imine) is an exemplary polyamine, and poly(acrylic) acid is a representative 

25 poly(carboxylic acid). 

[0030] The polymer backbone of the water-soluble polymer can be poly(ethylene glycol) 
(i.e., PEG). However, it should be understood that other related polymers are also suitable for 
use in the practice of this invention and that the use of the term PEG or poly(ethylene glycol) 
is intended to be inclusive and not exclusive in this respect. The term "PEG" includes 
30 poly(ethylene glycol) in any of its forms, including alkoxy PEG, difunctional PEG, 

multiarmed PEG, forked PEG, branched PEG, pendent PEG (i.e. PEG or related polymers 
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having one or more functional groups pendent to the polymer backbone), or PEG with 
degradable linkages therein. 

[003 1 ] The polymer backbone can be linear or branched. Branched polymer backbones are 
generally known in the art. Typically, a branched polymer has a central branch core moiety 
5 and a plurality of linear polymer chains linked to the central branch core. PEG is commonly 
used in branched forms that can be prepared by addition of ethylene oxide to various polyols, 
such as glycerol, pentaerythritol and sorbitol. The central branch moiety can also be derived 
from several amino acids, such as lysine. The branched poly(ethylene glycol) can be 
represented in general form as R(-PEG-OH) m in which R represents the core moiety, such as 
1 0 glycerol or pentaerythritol, and m represents the number of arms. Multi-armed PEG 

molecules, such as those described in U.S. Pat. No. 5,932,462, which is incorporated by 
reference herein in its entirety, can also be used as the polymer backbone. 

[0032] Many other polymers are also suitable for the invention. Polymer backbones that 
are non-peptidic and water-soluble, with from 2 to about 300 termini, are particularly useful 

15 in the invention. Examples of suitable polymers include, but are not limited to, other 

poly(alkylene glycols), such as poly(propylene glycol) ("PPG"), copolymers of ethylene 
glycol and propylene glycol and the like, poly(oxyethylated polyol), poly(olefinic alcohol), 
poly(vinylpyrrolidone), poly(hydroxypropylmethacrylamide), poly(a-hydroxy acid), 
poly(vinyl alcohol), polyphosphazene, polyoxazoline, poly(N-acryloylmorpholine), such as 

20 described in U.S. Pat. No. 5,629,384, which is incorporated by reference herein in its entirety, 
and copolymers, terpolymers, and mixtures thereof. Although the molecular weight of each 
chain of the polymer backbone can vary, it is typically in the range of from about 1 00 Da to 
about 100,000 Da, often from about 6,000 Da to about 80,000 Da. 

[0033] A "feed solution" refers to any solution that contains a compound to be purified. 
25 For example, a reaction mixture can be used as a feed solution from which the desired 
reaction product is purified using the methods of the invention. 

[0034] Where substituent groups are specified by their conventional chemical formulae, 
written from left to right, they equally encompass the chemically identical substituents, which 
would result from writing the structure from right to left, e.g., -CH 2 0- is intended to also 
30 recite -OCH 2 -. 

[0035] The term "alkyl" by itself or as part of another substituent, means, unless otherwise 
stated, a straight or branched chain, or cyclic (i.e., cycloalkyl) hydrocarbon radical, or 

8 
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combination thereof, which may be fully saturated, mono- or polyunsaturated and can include 
di- (e.g., alkylene) and multivalent radicals, having the number of carbon atoms designated 
(i.e. C1-C10 means one to ten carbons). Examples of saturated hydrocarbon radicals include, 
but are not limited to, groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, 
5 isobutyl, sec-butyl, cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, homologs and 
isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An unsaturated 
alkyl group is one having one or more double bonds or triple bonds. Examples of unsaturated 
alkyl groups include, but are not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2- 
(butadienyl), 2,4-pentadienyl, 3-(l,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and 
1 0 the higher homologs and isomers. The term "alkyl," unless otherwise noted, is also meant to 
include those derivatives of alkyl defined in more detail below, such as "heteroalkyl." Alkyl 
groups that are limited to hydrocarbon groups are termed "homoalkyl". 

[0036] The term "alkylene" by itself or as part of another substituent means a divalent 
radical derived from an alkane, as exemplified, but not limited, by -CH2CH2CH2CH2-, and 
1 5 further includes those groups described below as "heteroalkylene." Typically, an alkyl (or 
alkylene) group will have from 1 to 24 carbon atoms, with those groups having 10 or fewer 
carbon atoms being preferred in the present invention. A "lower alkyl" or "lower alkylene" is 
a shorter chain alkyl or alkylene group, generally having eight or fewer carbon atoms. 

[0037] The terms "alkoxy," "alkylamino" and "alkylthio" (or thioalkoxy) are used in their 
20 conventional sense, and refer to those alkyl groups attached to the remainder of the molecule 
via an oxygen atom, an amino group, or a sulfur atom, respectively. 

[0038] The term "heteroalkyl," by itself or in combination with another term, means, unless 
otherwise stated, a stable straight or branched chain, or cyclic hydrocarbon radical, or 
combinations thereof, consisting of the stated number of carbon atoms and at least one 

25 heteroatom selected from the group consisting of O, N, Si and S, and wherein the nitrogen 
and sulfur atoms may optionally be oxidized and the nitrogen heteroatom may optionally be 
quaternized. The heteroatom(s) O, N and S and Si may be placed at any interior position of 
the heteroalkyl group or at the position at which the alkyl group is attached to the remainder 
of the molecule. Examples include, but are not limited to, -CH 2 -CH 2 -0-CH 3 , -CH 2 -CH 2 -NH- 

30 CH 3 , -CH2-CH 2 -N(CH 3 )-CH3, -CH 2 -S-CH 2 -CH 3 , -CH 2 -CH 2 ,-S(0)-CH 3 , -CH 2 -CH 2 -S(0) 2 - 
CH 3 , -CH=CH-0-CH 3 , -Si(CH 3 ) 3 , -CH 2 -CH=N-OCH 3 , and -CH=CH-N(CH 3 )-CH 3 . Up to 
two heteroatoms may be consecutive, such as, for example, -CH2-NH-OCH 3 and -CH2-O- 
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Si(CH3)3. Similarly, the term "heteroalkylene" by itself or as part of another substituent 
means a divalent radical derived from heteroalkyl, as exemplified, but not limited by, -CH 2 - 
CH2-S-CH2-CH2- and -CH2-S-CH2-CH2-NH-CH2-. For heteroalkylene groups, heteroatoms 
can also occupy either or both of the chain termini (e.g., alkyleneoxy, alkylenedioxy, 
5 alkyleneamino, alkylenediamino, and the like). Still further, for alkylene and heteroalkylene 
linking groups, no orientation of the linking group is implied by the direction in which the 
formula of the linking group is written. For example, the formula -CO2R'- represents both - 
C(0)OR' and-OC(0)R\ 

[0039] The terms "cycloalkyl" and "heterocycloalkyl", by themselves or in combination 
1 0 with other terms, represent, unless otherwise stated, cyclic versions of "alkyl" and 

"heteroalkyl", respectively. Additionally, for heterocycloalkyl, a heteroatom can occupy the 
position at which the heterocycle is attached to the remainder of the molecule. Examples of 
cycloalkyl include, but are not limited to, cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3- 
cyclohexenyl, cycloheptyl, and the like. Examples of heterocycloalkyl include, but are not 
15 limited to, 1 -(1,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4- 

morpholinyl, 3-morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl, 
tetrahydrothien-3-yl, 1 -piperazinyl, 2-piperazinyl, and the like. 

[0040] The terms "halo" or "halogen," by themselves or as part of another substituent, 
mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally, 
20 terms such as "haloalkyl," are meant to include monohaloalkyl and polyhaloalkyl. For 
example, the term "halo(Ci-C4)alkyl" is mean to include, but not be limited to, 
trifluoromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the like. 

[0041] The term "aryl" means, unless otherwise stated, a polyunsaturated, aromatic, 
substituent that can be a single ring or multiple rings (preferably from 1 to 3 rings), which are 

25 fused together or linked covalently. The term "heteroaryl" refers to aryl groups (or rings) that 
contain from one to four heteroatoms selected from N, O, S, Si and B, wherein the nitrogen 
and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are optionally quaternized. 
A heteroaryl group can be attached to the remainder of the molecule through a heteroatom. 
Non- limiting examples of aryl and heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, 

30 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, 
pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4- 
isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3- 
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thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 
2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3- 
quinolyl, and 6-quinolyl. Substituents for each of the above noted aryl and heteroaryl ring 
systems are selected from the group of acceptable substituents described below. 

5 [0042] For brevity, the term "aryl" when used in combination with other terms (e.g. , 
aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined above. 
Thus, the term "arylalkyl" is meant to include those radicals in which an aryl group is 
attached to an alkyl group (e.g. , benzyl, phenethyl, pyridylmethyl and the like) including 
those alkyl groups in which a carbon atom (e.g., a methylene group) has been replaced by, for 
1 0 example, an oxygen atom (e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(l- 
naphthyloxy)propyl, and the like). 

[0043] Each of the above terms (e.g., "alkyl," "heteroalkyl," "aryl" and "heteroaryl") are 
meant to include both substituted and unsubstituted forms of the indicated radical unless 
otherwise indicated. Preferred substituents for each type of radical are provided below. 

1 5 [0044] Substituents for the alkyl and heteroalkyl radicals (including those groups often 
referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, 
heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) are generically referred to as "alkyl 
group substituents," and they can be one or more of a variety of groups selected from, but not 
limited to: substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, 

20 substituted or unsubstituted heterocycloalkyl, -OR', =0, =NR\ =N-OR\ -NR'R", -SR\ - 
halogen, -SiR'R"R"', -OC(0)R', -C(0)R\ -C0 2 R\ -CONR'R", -OC(0)NR'R", - 
NR"C(0)R\ -NR'-C(0)NR"R"', -NR"C(0) 2 R\ -NR-C(NR'R"R"')=NR"", 
-NR-C(NR'R")=NR"', -S(0)R\ -S(0) 2 R\ -S(0) 2 NR'R", -NRS0 2 R\ -CN and -N0 2 in a 
number ranging from zero to (2m' +1), where m' is the total number of carbon atoms in such 

25 radical. R', R", R'" and R"" each preferably independently refer to hydrogen, substituted or 
unsubstituted heteroalkyl, substituted or unsubstituted aryl, e.g., aryl substituted with 1-3 
halogens, substituted or unsubstituted alkyl, alkoxy or thioalkoxy groups, or arylalkyl groups. 
When a compound of the invention includes more than one R group, for example, each of the 
R groups is independently selected as are each R', R", R'" and R"" groups when more than 

30 one of these groups is present. When R' and R" are attached to the same nitrogen atom, they 
can be combined with the nitrogen atom to form a 5-, 6-, or 7-membered ring. For example, - 
NR'R" is meant to include, but not be limited to, 1 -pyrrolidinyl and 4-morpholinyl. From the 
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above discussion of substituents, one of skill in the art will understand that the term "alkyl" is 
meant to include groups including carbon atoms bound to groups other than hydrogen groups, 
such as haloalkyl (e.g., -CF 3 and -CH 2 CF 3 ) and acyl (e.g., -C(0)CH 3 , -C(0)CF 3 , - 
C(0)CH 2 OCH 3 , and the like). 

5 [0045] Similar to the substituents described for the alkyl radical, substituents for the aryl 
and heteroaryl groups are generically referred to as "aryl group substituents." The 
substituents are selected from, for example: substituted or unsubstituted alkyl, substituted or 
unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted 
heteroaryl, substituted or unsubstituted heterocycloalkyl, -OR', =0, =NR\ =N-OR', -NR'R", 

1 0 -SR\ -halogen, -SiR'R"R"\ -OC(0)R', -C(0)R\ -C0 2 R\ -CONR'R", -OC(0)NR'R", - 
NR"C(0)R\ -NR'-C(0)NR"R"\ -NR"C(0) 2 R\ -NR-C(NR'R"R'")=NR"", 
-NR-C(NR'R")=NR'", -S(0)R\ -S(0) 2 R\ -S(0) 2 NR'R", -NRS0 2 R\ -CN and-N0 2 , -R', - 
N 3 , -CH(Ph) 2 , fluoro(Ci-C 4 )alkoxy, and fluoro(Ci-C 4 )alkyl, in a number ranging from zero to 
the total number of open valences on the aromatic ring system; and where R', R", R"' and 

1 5 R"" are preferably independently selected from hydrogen, substituted or unsubstituted alkyl, 
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl and substituted or 
unsubstituted heteroaryl. When a compound of the invention includes more than one R 
group, for example, each of the R groups is independently selected as are each R', R", R'" 
and R"" groups when more than one of these groups is present. 

20 [0046] Two of the substituents on adjacent atoms of the aryl or heteroaryl ring may 

optionally be replaced with a substituent of the formula -T-C(0)-(CRR') q -U-, wherein T and 
U are independently -NR-, -O-, -CRR'- or a single bond, and q is an integer of from 0 to 3. 
Alternatively, two of the substituents on adjacent atoms of the aryl or heteroaryl ring may 
optionally be replaced with a substituent of the formula -A-(CH 2 ) r -B-, wherein A and B are 

25 independently -CRR'-, -O-, -NR-, -S-, -S(O)-, -S(0) 2 -, -S(0) 2 NR'- or a single bond, and r is 
an integer of from 1 to 4. One of the single bonds of the new ring so formed may optionally 
be replaced with a double bond. Alternatively, two of the substituents on adjacent atoms of 
the aryl or heteroaryl ring may optionally be replaced with a substituent of the formula - 
(CRR , )s-X-(CR"R" , )d- 9 where s and d are independently integers of from 0 to 3, and X is -O- 

30 , -NR'-, -S-, -S(O)-, -S(0) 2 -, or -S(0) 2 NR'-. The substituents R, R\ R" and R'" are 

preferably independently selected from hydrogen or substituted or unsubstituted (d-C 6 )alkyl. 
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[0047] As used herein, the term "heteroatom" includes oxygen (O), nitrogen (N), sulfur (S), 
silicon (Si) and boron (B). 

[0048] The symbol "R" is a general abbreviation that represents a substituent group. 
Exemplary substituent groups include substituted or unsubstituted alkyl, substituted or 
5 unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted 
heteroaryl, and substituted or unsubstituted heterocycloalkyl groups. 

[0049] All oligosaccharides described herein are described with the name or abbreviation 
for the non-reducing saccharide (i.e., Gal), followed by the configuration of the glycosidic 
bond (a or P), the ring bond (1 or 2), the ring position of the reducing saccharide involved in 
1 0 the bond (2, 3, 4, 6 or 8), and then the name or abbreviation of the reducing saccharide (i.e., 
GlcNAc). Each saccharide is preferably a pyranose. For a review of standard glycobiology 
nomenclature see, Essentials of Glycobiology Varki et al. eds. CSHL Press (1999). 

[0050] Oligosaccharides are considered to have a reducing end and a non-reducing end, 
whether or not the saccharide at the reducing end is in fact a reducing sugar. In accordance 
1 5 with accepted nomenclature, oligosaccharides are depicted herein with the non-reducing end 
on the left and the reducing end on the right. 

[005 1] As used herein, the term "modified sugar" refers to a naturally- or non-naturally- 
occurring carbohydrate that is enzymatically added onto an amino acid or a glycosyl residue 
of a peptide in a process of the invention. The modified sugar is selected from a number of 

20 enzyme substrates including, but not limited to sugar nucleotides (mono-, di-, and tri- 
phosphates), activated sugars (e.g., glycosyl halides, glycosyl mesylates) and sugars that are 
neither activated nor nucleotides. The "modified sugar" is covalently functionalized with a 
"modifying group." Useful modifying groups include, but are not limited to, PEG moieties, 
therapeutic moieties, diagnostic moieties, biomolecules and the like. The modifying group is 

25 preferably not a naturally occurring, or an unmodified carbohydrate. The locus of 

functionalization with the modifying group is selected such that it does not prevent the 
"modified sugar" from being added enzymatically to a peptide. 

[0052] The term "glycoconjugation" as used herein, refers to the enzymatically mediated 
conjugation of a modified sugar species to an amino acid or glycosyl residue of a 
30 polypeptide, e.g., an erythropoietin peptide prepared by the method of the present invention. 
A subgenus of "glycoconjugation" is "glyco-PEGylation," in which the modifying group of 
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the modified sugar is poly(ethylene glycol), an alkyl derivative (e.g. , m-PEG) or reactive 
derivative (e.g., H 2 N-PEG, HOOC-PEG) thereof. 

[0053] The terms "large-scale" and "industrial-scale" are used interchangeably and refer to 
a reaction cycle or process that produces at least about 250 mg, at least about 500 mg, at least 
5 about 1 gram, at least about 2 gram, at least about 5 g, at least about 10 g, at least about 20 g, 
at least about 30 g, at least about 50 or at least about 100 g of nucleotide sugar at the 
completion of a single cycle. In one embodiment, the invention provides large-scale 
processes, which are suitable to prepare nucleotide sugars to a high degree of purity on a 
kilogram scale (e.g., at least about 1 kg, at least about 1.5 kg, at least about 2 kg, or at least 
1 0 about 3 kg of purified sugar nucleotide per synthesis/purification run). 

[0054] The term "isolated" or "purified" when referring to a nucleotide sugar or modified 
nucleotide sugar of the invention, means that such material is essentially free from 
components, which are used to produce the material. "Isolated", "pure" or "purified" are 
used interchangeably. Purity can be determined by any art-recognized method of analysis 

1 5 (e.g., band intensity on a silver stained gel, polyacrylamide gel electrophoresis, NMR, HPLC, 
ELISA, or a similar means). In one example, purity is determined as the ratio between the 
amount of desired nucleotide sugar and the amount of total other components present in a 
sample (w/w). For example the concentration of the nucleotide sugar in the sample may be 
determined using analytical chromatography (e.g., HPLC, RP-HPLC) in combination with a 

20 nucleotide sugar standard. 

[0055] Typically, nucleotide sugars isolated using a method of the invention, have a level 
of purity expressed as a range. The lower end of the range of purity for the sugar nucleotide 
is about 30%, about 40%, about 50%, about 60%, about 70%, about 75% or about 80% and 
the upper end of the range of purity is about 70%, about 75% about 80%, about 85%, about 
25 90%, about 95%> or more than about 95%. 

[0056] When the nucleotide sugar is more than about 90% pure, its purity is also preferably 
expressed as a range. The lower end of the range of purity is about 90%, about 92%, about 
94%, about 96% or about 98%. The upper end of the range of purity is about 92%, about 
94%, about 96%, about 98% or about 100% purity (w/w). 

30 [0057] "nucleotide sugar recovery", "yield" or "reaction yield" is typically expressed as the 
range between the amount of recovered nucleotide sugar after a particular process step (or 
series of steps) and the amount of nucleotide sugar that entered the process step. For 
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example, the recovery of nucleotide sugar for a method of the invention is about 20%, about 
30%, about 40%>, about 50%o, about 60%, about 70%, about 80% or about 90%. In another 
example, the nucleotide sugar recovery for a method of the invention is about 92%>, about 
94%, about 96%>, about 98%> or more than about 98%o. 

5 [0058] The term "loading buffer" refers to the buffer, in which the peptide being purified is 
applied to a purification device, e.g. a chromatography column or a filter cartridge. 
Typically, the loading buffer is selected so that separation of the peptide of interest from 
unwanted impurities can be accomplished. For instance, when purifying the peptide on a 
hydroxyapatite (HA) or fluoroapatite column the pH of the loading buffer and the salt 
1 0 concentration in the loading buffer may be selected so that the peptide is initially retained on 
the column while certain impurities are found in the flow through. 

[0059] The term "elution buffer", also called "limit buffer", refers to the buffer, which is 
typically used to remove (elute) the peptide from the purification device (e.g. a 
chromatographic column or filter cartridge) to which it was applied earlier. Typically, the 
1 5 loading buffer is selected so that separation of the peptide of interest from unwanted 

impurities can be accomplished. Often the concentration of a particular salt (e.g. NaCl) in the 
elution buffer is varied during the elution procedure (gradient). The gradient may be 
continuous or stepwise. 

[0060] The term "room temperature" or "ambient temperature" refers to a temperature of at 
20 least about 10°C, at least about 15°C, at least about 20°C or at least about 25 °C. Typically, 
room temperature is between about 20 °C and about 25 °C. 

III. Methods 

[0061] The current invention provides methods (e.g., large-scale processes) for the 
production of nucleotide sugars. In one embodiment, the nucleotide sugar is modified with a 
25 polymeric modifying group (modified nucleotide sugar). Exemplary polymeric modifying 

groups are disclosed herein. In one example, the polymeric modifying group includes at least 
one polymeric moiety selected from poly(alkylene oxide) moieties. Exemplary poly(alkylene 
oxides) include poly(ethylene glycol) (PEG) and poly(propylene glycol) (PPG) moieties. 

[0062] In one example, the invention provides a method of making a composition that 
30 includes a modified nucleotide sugar. In the modified nucleotide sugar, the sugar moiety is 
covalently linked to a polymeric modifying group, wherein the polymeric modifying group 
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includes at least one linear or branched poly(alkylene oxid) moiety. An exemplary method 
includes: (i) contacting a reaction mixture comprising the modified nucleotide sugar with an 
anion exchange medium; (ii) eluting the modified nucleotide sugar from the anion exchange 
medium thereby forming an eluate fraction containing the modified nucleotide sugar; and (iii) 
5 desalting the eluate fraction. Unexpectedly, the inventors have discovered that the process of 
the invention results in modified nucleotide sugars with high purity and high overall yields, 
even when the process does not include ultrafiltration prior to anion-exchange 
chromatography and the reaction mixture is first processed by anion-exchange 
chromatography (e.g., after conditioning the reaction mixture by removing solvent and 
1 0 particles). Thus, in one example, the method does not include ultrafiltration (e.g., TFF) prior 
to anion exchange chromatography, i.e., step (i). 

[0063] In an exemplary embodiment, the above method can further include: (iv) reducing 
the volume of the reaction mixture. In one example, the volume of the reaction mixture is 
reduced by evaporation (e.g., under reduced pressure) of at least part of the solvent (e.g., via 

1 5 rotary evaporation). In one example, the reaction mixture includes an organic solvent (e.g., 
THF), which is essentially removed or partly removed through evaporation under reduced 
pressure. The above method may further include (e.g., after reducing the volume of the 
reaction mixture): (v) filtering the reaction mixture (e.g., in order to remove particles). In a 
typical example, the reaction mixture is filtered through a 0.22 ]um filter. The term "filtering" 

20 in this context does not include "ultrafiltration". Other suitable filters useful to precondition 
the reaction mixture for anion-exchange chromatogarphy are described herein. In a particular 
example, the volume of the reaction mixture is first reduced and the resulting mixture is 
subjected to filtering before the filtrate is contacted with the anion exchange medium. 

[0064] In one example, according to any of the above embodiments, the method can further 
25 include, e.g., after step (iii): (v) removing water from the eluate fraction. In one example, the 
water is removed by subjecting the eluate fraction to freeze drying or spray drying. 
Typically, these procedures result in an essentially dry product, in which the residual water 
content is, e.g., less than about 10% (w/w), less than about 5% (w/w), less than about 4% 
(w/w), less than about 3% (w/w), less than about 2% (w/w) or less than about 1% (w/w). 

30 [0065] In a particular example, the invention provides a method of making a composition 
that includes a modified nucleotide-sugar, in which a polymeric modifying group is 
covalently linked to the nucleotide sugar. In one example, the polymeric modifying group 
includes at least one linear or branched poly (alky lene oxid) moiety. The method includes: (i) 
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contacting a nucleotide sugar derivative including a primary amino group, with an activated 
poly(alkylene oxide) moiety incorporating a /?-nitrophenyl carbonate moiety under conditions 
sufficient to form a covalent bond between the amino group of the nucleotide sugar derivative 
and the poly(alkylene oxide) moiety. The contacting occurs in the presence of an aqueous 
5 solvent having a pH between about 8.0 and about 8.8. Hence a reaction mixture is formed, 
which includes the modified nucleotide sugar. The method can further include: (ii) 
contacting the reaction mixture with an anion exchange medium and (iii) eluting the modified 
nucleotide sugar from the anion exchange medium forming an eluate fraction that contains 
the modified nucleotide sugar. The method can further include: (iv) desalting the eluate 
1 0 fraction using membrane filtration; and (v) removing water from the eluate fraction (e.g., via 
freeze drying or spray drying optionally in the presence of an additive). The method does 
preferably not include ultrafiltration prior to step (i). 

[0066] Exemplary polymeric modifying groups useful in any of the above embodiments are 
disclosed hereinbelow. In one example, the polymeric modifying group includes at least one 

1 5 polymeric moiety selected from poly(alkylene oxide) moieties. Exemplary poly(alkylene 
oxides) include poly(ethylene glycol) (PEG) and poly(propylene glycol) (PPG). In one 
example, the PEG modifying group has a molecular weight between about 5 kDa and about 
600 kDa, between about 5 kDa and about 500 kDa, between about 5 kDa and about 400 kDa, 
between about 10 kDa and about 400 kDa, between about 10 kDa and about 300 kDa, 

20 between about 10 kDa and about 200 kDa or between about 10 kDa and about 100 kDa. In 
an particular example, the PEG moiety has a moleculare weight between about 10 kDa and 
about 80 kDa, between about 10 kDa and about 60 kDa or between about 10 kDa and about 
40 kDa. In one example, the polymeric modifying group is branched and includes a glycerol 
backbone covalently linked to at least two polymeric moieties (e.g., two PEG moieties). 

25 Nucleotide Sugar 

[0067] The nucleotide sugar or modified nucleotide sugar according to any of the above 
embodiments includes a nucleoside moiety covalently linked to a phosphate moiety (selected 
from monophosphate, diphosphate, triphosphate and polyphosphate moieties) and an 
additional sugar moiety covalently linked to the phosphate moiety. The nucleoside moiety of 

30 the nucleotide sugar can be any nucleoside or deoxynucleoside, including adenosine, 
guanosine, 5-methyluridine, uridine, cytidine, deoxyadenosine, deoxyguanosine, 
deoxythymidine, deoxyuridine, and deoxy cytidine. Additional nucleoside moieties are 
described herein. The methods of the invention are useful for producing nucleotide sugars, in 
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which the nucleotide is in various states of phosphorylation. Accordingly, exemplary 
nucleotides of the nucleotide sugar include CMP, CDP, CTP, AMP, cAMP, ADP, ATP, 
UMP, UDP, UTP, GMP, cGMP, GDP, GTP, TMP, TDP and TTP as well as the deoxy forms 
of these and other nucleotides, including modified nucleotides. 

5 [0068] The sugar moiety of the nucleotide sugar can be any glycosyl moiety including 
mono- and oligo-saccharides. Exemplary sugar moieties include sialic acid, glucose, 
GlcNAc, mannose, fucose, galactose, GalNAc and combinations thereof. The term "glycosyl 
moiety" or "sugar moiety" includes "glycosyl-mimetic moieties". 

[0069] Exemplary nucleotide sugars include CMP-SA, CDP-SA, CTP-SA, AMP-SA, 

1 0 cAMP-SA, ADP-SA, ATP-SA, UMP-SA, UDP-SA, UTP-SA, GMP-SA, cGMP-SA, GDP- 
SA, GTP-SA, TMP-SA, TDP-SA and TTP-SA, CMP-GlcNAc, CDP-GlcNAc, CTP-GlcNAc, 
AMP-GlcNAc, cAMP-GlcNAc, ADP-GlcNAc, ATP-GlcNAc, UMP-GlcNAc, UDP-GlcNAc, 
UTP-GlcNAc, GMP-GlcNAc, cGMP-GlcNAc, GDP-GlcNAc, GTP-GlcNAc, TMP-GlcNAc, 
TDP-GlcNAc and TTP-GlcNAc, CMP-Gal, CDP-Gal, CTP-Gal, AMP-Gal, cAMP-Gal, 

1 5 ADP-Gal, ATP-Gal, UMP-Gal, UDP-Gal, UTP-Gal, GMP-Gal, cGMP-Gal, GDP-Gal, GTP- 
Gal, TMP-Gal, TDP-Gal and TTP-Gal, CMP-GalNAc, CDP-GalNAc, CTP-GalNAc, AMP- 
GalNAc, cAMP-GalNAc, ADP-GalNAc, ATP-GalNAc, UMP-GalNAc, UDP-GalNAc, UTP- 
GalNAc, GMP-GalNAc, cGMP-GalNAc, GDP-GalNAc, GTP-GalNAc, TMP-GalNAc, TDP- 
GalNAc and TTP-GalNAc, CMP-Glc, CDP-Glc, CTP-Glc, AMP-Glc, cAMP-Glc, ADP-Glc, 

20 ATP-Glc, UMP-Glc, UDP-Glc, UTP-Glc, GMP-Glc, cGMP-Glc, GDP-Glc, GTP-Glc, TMP- 
Glc, TDP-Glc and TTP-Glc, CMP-fucose, CDP-fucose, CTP-fucose, AMP-fucose, cAMP- 
fucose, ADP-fucose, ATP-fucose, UMP-fucose, UDP-fucose, UTP-fucose, GMP-fucose, 
cGMP-fucose, GDP-fucose, GTP-fucose, TMP-fucose, TDP-fucose and TTP-fucose, CMP- 
Man, CDP-Man, CTP-Man, AMP-Man, cAMP-Man, ADP-Man, ATP-Man, UMP-Man, 

25 UDP-Man, UTP-Man, GMP-Man, cGMP-Man, GDP-Man, GTP-Man, TMP-Man, TDP-Man 
and TTP-Man, and deoxy variants thereof. Any of the above nucleotide sugars can be part of 
a modified nucleotide sugar produced by a method of the invention. In a preferred 
embodiment, the polymeric modifying group (e.g., linear or branched PEG moiety) in these 
modified nucleotide sugars is covalently attached to the sugar moiety of the nucleotide sugar, 

30 optionally via a linker moiety. 

[0070] Exemplary modified nucleotide sugars that can be produced using methods of the 
invention include CMP-SA-PEG, CDP-SA-PEG, CTP-SA-PEG, AMP-SA-PEG, cAMP-SA- 
PEG, ADP-SA-PEG, ATP-SA-PEG, UMP-SA-PEG, UDP-SA-PEG, UTP-SA-PEG, GMP- 
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SA-PEG, cGMP-SA-PEG, GDP-SA-PEG, GTP-SA-PEG, TMP-SA-PEG, TDP-SA-PEG and 
TTP-SA-PEG, CMP-GlcNAc-PEG, CDP-GlcNAc-PEG, CTP-GlcNAc-PEG, AMP-GlcNAc- 
PEG, cAMP-GlcNAc-PEG, ADP-GlcNAc-PEG, ATP-GlcNAc-PEG, UMP-GlcNAc-PEG, 
UDP-GlcNAc-PEG, UTP-GlcNAc-PEG, GMP-GlcNAc-PEG, cGMP-GlcNAc-PEG, GDP- 
5 GlcNAc-PEG, GTP-GlcNAc-PEG, TMP-GlcNAc-PEG, TDP-GlcNAc-PEG and TTP- 

GlcNAc-PEG, CMP-Gal-PEG, CDP-Gal-PEG, CTP-Gal-PEG, AMP-Gal-PEG, cAMP-Gal- 
PEG, ADP-Gal-PEG, ATP-Gal-PEG, UMP-Gal-PEG, UDP-Gal-PEG, UTP-Gal-PEG, GMP- 
Gal-PEG, cGMP-Gal-PEG, GDP-Gal-PEG, GTP-Gal-PEG, TMP-Gal-PEG, TDP-Gal-PEG 
and TTP-Gal-PEG, CMP-GalNAc-PEG, CDP-GalNAc-PEG, CTP-GalNAc-PEG, AMP- 

1 0 GalNAc-PEG, cAMP-GalNAc-PEG, ADP-GalN Ac-PEG , ATP-GalNAc-PEG, UMP- 
GalNAc-PEG, UDP-GalNAc-PEG, UTP-GalN Ac-PEG, GMP-GalN Ac-PEG, cGMP- 
GalNAc-PEG, GDP-GalNAc-PEG, GTP-GalNAc-PEG, TMP-GalNAc-PEG, TDP-GalNAc- 
PEG and TTP-GalNAc-PEG, CMP-Glc-PEG, CDP-Glc-PEG, CTP-Glc-PEG, AMP-Glc- 
PEG, cAMP-Glc-PEG, ADP-Glc-PEG, ATP-Glc-PEG, UMP-Glc-PEG, UDP-Glc-PEG, 

1 5 UTP-Glc-PEG, GMP-Glc-PEG, cGMP-Glc-PEG, GDP-Glc-PEG, GTP-Glc-PEG, TMP-Glc- 
PEG, TDP-Glc-PEG and TTP-Glc-PEG, CMP-fucose-PEG, CDP-flicose-PEG, CTP-fucose- 
PEG, AMP-flicose-PEG, cAMP-fucose-PEG, ADP-fucose-PEG, ATP-fucose-PEG, UMP- 
fucose-PEG, UDP-fucose-PEG, UTP-fucose-PEG, GMP-fucose-PEG, cGMP-fucose-PEG, 
GDP-fucose-PEG, GTP-fucose-PEG, TMP-fucose-PEG, TDP-fucose-PEG and TTP-fucose- 

20 PEG, CMP-Man-PEG, CDP-Man-PEG, CTP-Man-PEG, AMP-Man-PEG, cAMP-Man-PEG, 
ADP-Man-PEG, ATP-Man-PEG, UMP-Man-PEG, UDP-Man-PEG, UTP-Man-PEG, GMP- 
Man-PEG, cGMP-Man-PEG, GDP-Man-PEG, GTP-Man-PEG, TMP-Man-PEG, TDP-Man- 
PEG and TTP-Man-PEG, and deoxy variants thereof. Any of the above PE moieties can be 
replaced with another polymeric moiety, such as a PPG moiety. 

25 [0071] In one example, the sugar nucleotide or modified sugar nucleotide of the invention 
includes cytidine as the nucleoside and sialic acid as the sugar moiety. In a particular 
example, the sugar nucleotide or modified nucleotide sugar includes cytidine-monophospho- 
sialic acid (CMP-SA). In another example, the nucleotide sugar is CMP-SA. In a further 
example, the modified nucleotide sugar is CMP-SA covalently linked to a linear or branched 

30 PEG moiety (CMP-SA-PEG). 

[0072] In one example, the nucleotide sugar according to any of the above embodiments, is 
a member selected from: 
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wherein each n is an integer independently selected from 1 to 2500. In one example, n is 
selected from about 100 to about 1000, from about 100 to about 800, from about 100 to about 
5 600, from about 100 to about 500. Each Q is a member independently selected from H, a 
negative charge and a salt counter ion (e.g., Na, K). Each Q 1 is a member independently 
selected from H, and Ci-C 6 alkyl, such as methyl, ethyl, propyl (e.g., ^-propyl, zso-propyl), 
butyl (e.g., n-butyl, zso-butyl), pentyl and hexyl. 

[0073] In an exemplary embodiment, according to any of the above methods, the anion 
1 0 exchange medium is selected from a quaternary ammonium resin and a dietylaminoethyl 

(DEAE) resin. In another example, the anion exchange medium is a sepharose resin (e.g., Q- 
sepharose). Additional anion exchange media are described herein, each of which is equally 
useful in the methods of the invention. In one example, the anion exchange medium is a 
quaternary ammonium resin, which includes bicarbonate ions as counter-ions. For example, 
1 5 the quaternary ammonium resin is treated with a bicarbonate buffer (e.g., NaHCOs) prior to 
use. 

[0074] In another example, the nucleotide sugar is eluted from the anion exchange medium 
using a bicarbonate buffer. For example, the nucleotide sugar is eluted using a step-wise 
elution protocol or a gradient, in which the bicarbonate concentration in the elution buffer is 
20 increased from about 0 mM to about 1M bicarbonate (e.g., NaHC0 3 ). Typically, the PEG- 
modified nucleotide sugar (e.g., CMP-SA-PEG) elutes close to the corresponding modified 
sugar (e.g., SA-PEG), which is a frequent side product of the coupling reaction used to form 
the modified nucleotide sugar. Unexpectedly, the inventors have discovered that the 
nucleotide sugar can be separated from the corresponding modified sugar using low 
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bicarbonate concentrations or slow gradients involving between about 0.01 mM and about 30 
mM of bicarbonate. Thus, in one example, the nucleotide sugar is eluted from the anion- 
exchange medium using a bicarbonate buffer including bicarbonate concentrations between 
about 0.01 mM and about 50 mM, between about 0.01 mM and about 30 mM, between about 
5 0.01 mM and about 20 mM or between about 0.01 mM and about 10 mM. Other 

contaminants of the reaction mixture (e.g., nucleosides, non-modified nucleotide sugars) 
typically elute at bicarbonate concentrations higher than about 30 or 50 mM. 

[0075] In another exemplary embodiment, the reaction mixture (anion exchange feed 
solution), which is loaded onto the anion exchange column (i.e., contacted with the anion 

1 0 exchange medium) has a salt conductivity of less than about 10 mS/cm, less than about 8 
mS/cm, less than about 6 mS/cm, less than about 5 mS/cm, less than about 4 mS/cm, less 
than about 3 mS/cm or less than about 2 mS/cm. In one example, the reaction mixture, which 
is loaded onto the anion-exchange column, has a salt conductivity of less than about 1 
mS/cm, less than about 0.8, 0.6, 0.4 or 0.2 mS/cm. The salt conductivity of the reaction 

1 5 mixture can be adjusted prior to anion-exchange chromatography, e.g., by diluting the 
reaction mixture with water. 

[0076] In one example according to any of the above embodiments, the desalting of step 
(iii) is accomplished using membrane filtration, such as ultrafiltration. For example, 
desalting is accomplished using tangential flow filtration (TFF). Ultrafiltration membranes 

20 useful for desalting are known in the art. Exemplary membranes are described herein. In one 
example, the ultrafiltration membrane has a MWCO that is smaller than the molecular weight 
of the nucleotide sugar. Hence, the nucleotide sugar is retained by the membrane while salt 
ions can pass through the membrane filter. For example, the ultrafiltration membrane used 
for desalting of a nucleotide sugar solution has a the molecular weight cutoff less than about 

25 100 kDa, leass than about 80 kDa, less than about 60 kDa, less than about 40 kDa or less than 
about 20 kDa. In a particular example, the ultrafiltration membrane has a molecular weight 
cutoff that is less than about 10 kDa. Ultrafiltration membranes used to desalt CMP-SA- 
PEGs with PEG moieties between about 10 kDa and 60 kDa, typically have a molecular 
weight cutoff between about 1 kDa and about 5 kDa. 

30 [0077] In one example, the above desalting step (e.g., involving membrane filtration, such 
as ultrafiltration) results in reduced salt conductivity of the nucleotide sugar solution (e.g., the 
eluate fraction) compared to the salt conductivity prior to membrane filtration. For example, 
the reduced salt conductivity of the eluate fraction after membrane filtration is between about 
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l)uS/cm and about 1000 |uS/cm. In a particular example, the salt conductivity of the eluate 
fraction after membrane filtration is between about 1 juS/cm and about 600 |uS/cm, between 
about 1 ]uS/cm and about 400 juS/cm, between about 1 ]uS/cm and about 200 juS/cm, between 
about 10 juS/cm and about 100 |uS/cm, between about 10 )uS/cm and about 80 )LiS/cm, 
5 between about 10 ]uS/cm and about 60 )uS/cm, between about 10 )uS/cm and about 40 |uS/cm, 
between about 10 |uS/cm and about 20 )uS/cm or between about 1 ]uS/cm and about 10 ]uS/cm. 
In a preferred example, the salt conductivity during membrane filtration is lowered to less 
than about 400 ]uS/cm, less than about 300 |uS/cm, less than about 200 juS/cm, less than about 
100 juS/cm, less than about 80 )uS/cm, less than about 60 ]uS/cm, less than about 50 ]uS/cm, 
1 0 less than about 40 juS/cm, less than about 30 juS/cm, less than about 20 juS/cm, less than 

about 10 ]uS/cm, less than about 8 ]LiS/cm, less than about 6 juS/cm, less than about 4 ]uS/cm, 
less than about 2 juS/cm or less than about 1 )uS/cm. 

[0078] In one example, ultrafiltration (e.g., TFF) is used to reduce the final volume of the 
eluate fraction or a purified modified nucleotide sugar solution. 

1 5 [0079] In a particular example, the current invention provides processes for the production 
of modified cytidine-monophosphate-sialic acid (CMP-SA) nucleotides. Exemplary 
modified nucleotide sugars, which can be produced using the methods of the invention, 
include CMP-SA-PEG-10 kDa, CMP-SA-PEG-20 kDa and CMP-SA-glycerol-PEG-40 kDa. 
Exemplary modified nucleotide sugars (CMP-SA-PEGs) are shown in Figure 2. 

20 [0080] In one example according to any of the above embodiments, the nucleotide sugar 
produced by the method of the invention (e.g., CMP-SA-PEG) has a purity of at least about 
50% (w/w), at least about 60% (w/w), at least about 70% (w/w), at least about 80 % (w/w), at 
least about 85 % (w/w), at least about 90% (w/w) or at least about 95% (w/w). In a particular 
example, the nucleotide sugar produced by a method of the invention has a purity between 

25 about 50 % and about 100% (w/w), between about 60% and about 100% (w/w), between 
about 80%) and about 100 % (w/w) or between about 90% and about 100 % (w/w). In 
another example, the nucleotide sugar produced by a method of the invention has a purity 
between about 96% and about 100% (w/w), between about 97% and about 100% (w/w), 
between about 98% and about 100% (w/w) or between about 99% and about 100% (w/w). 

30 [008 1 ] In one embodiment, the process of the invention is utilized to purify the nucleotide 
sugar from other reaction components. In the case of CMP-SA-PEGs the reaction mixture 
can contain, e.g., mPEG-OH and /?-nitrophenol (PNP), e.g., formed during the hydrolysis of 
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mPEG-/?-nitrophenyl carbonate. The reaction mixture can further include CMP, e.g., formed 
via hydrolysis of CMP-SA glycine and/or CMP-SA-PEG. The reaction mixture can further 
include SA-PEG, e.g., formed by hydrolysis of CMP-SA-PEG, as well as salts (Figure 3). 

[0082] In one embodiment, the method of the invention provides a CMP-SA-PEG product 
5 that includes less than about 10%, less than about 5%, less than about 4%, less than about 
3%, less than about 2% or less than about 1% of CMP (w/w) compared to CMP-SA-PEG. In 
another embodiment, the method of the invention provides a CMP-SA-PEG that includes less 
than about 0.9%, less than about 0.8%, less than about 0.7%, less than about 0.6%, less than 
about 0.5%, less than about 0.4%, less than about 0.3% or less than about 0.2% CMP (w/w) 
1 0 compared to CMP-SA-PEG. 

[0083] In another embodiment, the method of the invention provides a CMP-SA-PEG 
product that includes less than about 10%, less than about 5%, less than about 4%, less than 
about 3%, less than about 2% or less than about 1% of SA-PEG (w/w) compared to CMP- 
SA-PEG. In another embodiment, the method of the invention provides a CMP-SA-PEG that 
1 5 includes less than about 0.9%, less than about 0.8%, less than about 0.7%, less than about 
0.6%, less than about 0.5%, less than about 0.4%, less than about 0.3% or less than about 
0.2% SA-PEG (w/w) compared to CMP-SA-PEG. 

[0084] In another embodiment, the method of the invention provides a CMP-SA-PEG 
product that includes less than about 10%, less than about 5%, less than about 4%, less than 
20 about 3%, less than about 2% or less than about 1% of mPEG-OH (w/w) compared to CMP- 
SA-PEG. In another embodiment, the method of the invention provides a CMP-SA-PEG that 
includes less than about 0.9%, less than about 0.8%, less than about 0.7%, less than about 
0.6%, less than about 0.5%, less than about 0.4%, less than about 0.3% or less than about 
0.2% mPEG-OH (w/w) compared to CMP-SA-PEG. 

25 [0085] In another embodiment, the method of the invention provides a CMP-SA-PEG 

product that includes less than about 10%, less than about 5%, less than about 4%, less than 
about 3%, less than about 2% or less than about 1% of /?-nitrophenol (w/w) compared to 
CMP-SA-PEG. In another embodiment, the method of the invention provides a CMP-SA- 
PEG that includes less than about 0.9%, less than about 0.8%, less than about 0.7%, less than 

30 about 0.6%, less than about 0.5%, less than about 0.4%, less than about 0.3% or less than 
about 0.2% of/?-nitrophenol (w/w) compared to CMP-SA-PEG. 
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[0086] In another embodiment, the method of the invention provides a CMP-SA-PEG 
product that includes less than about 10%, less than about 5%, less than about 4%, less than 
about 3%, less than about 2% or less than about 1% of ^-nitrophenol (w/w) compared to 
CMP-SA-PEG. In another embodiment, the method of the invention provides a CMP-SA- 
5 PEG that includes less than about 0.9%, less than about 0.8%, less than about 0.7%, less than 
about 0.6%), less than about 0.5%, less than about 0.4%, less than about 0.3% or less than 
about 0.2% o ofp-nitrophenol (w/w) compared to CMP-SA-PEG. 

[0087] In another example according to any of the above embodiments, the nucleotide 
sugar produced by the method of the invention is obtained in an overall yield of at least about 

1 0 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least 
about 80 %, at least about 90% or at least about 95%. In a particular example, the nucleotide 
sugar produced by the method of the invention is obtained in an overall yield between about 
50 % and about 100%, between about 60% and about 95%, between about 80%) and about 
95% or between about 90% and about 95%o. In another example, the nucleotide sugar 

1 5 produced by the method of the invention is obtained in an overall yield between about 40% 
and about 90%, between about 50% and about 90%o, between about 60% and about 90%, 
between about 70% and about 90%, between about 80% and about 90%, between about 85% 
and about 90% (w/w) or between about 85% and about 95%. 

[0088] In an exemplary embodiment, the modified nucleotide sugar purified by a method of 
20 the invention includes a sugar, activated sugar or nucleotide sugar that is conjugated to one or 
more polymer, e.g. a branched polymer. Exemplary polymers include both water-soluble and 
water-insoluble species. 

[0089] Exemplary modified nucleotide sugars substituted with the polymeric modifying 
group at any position within the sugar moiety of the nucleotide sugar. In an exemplary 

25 embodiment, the sugar is substituted with a linker or polymeric modifying group attached 
through a linker at one or more of C-l, C-2, C-3, C-4 or C-5. In another embodiment, the 
invention provides a pyranose that is substituted with a linker or modifying group attached to 
the sugar through a linker at one or more of C-l, C-2, C-3, C-4, C-5 or C-6. Preferably, the 
linker and/or modifying group is attached directly to an oxygen, nitrogen or sulfur pendent 

30 from the carbon of the sugar. 

[0090] In a presently preferred embodiment, the polymeric linker or modifying group is 
appended to a position that is selected such that the resulting conjugate functions as a 
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substrate for an enzyme used to ligate the modified sugar moiety to another species, e.g., 
peptide, glycopeptide, lipid, glycolipid, etc. Exemplary enzymes are known in the art and 
include glycosyl transferases (sialyl transferases, glucosyl transferases, galactosyl 
transferases, N-acetylglucosyl transferases, N-acetylgalactosyl transferases, mannosyl 
transferases, fucosyl transferases, etc.). Exemplary sugar nucleotide and activated sugar 
conjugates of the invention also include substrates for mutant glycosidases and mutant 
glycoceramidases that are modified to have synthetic, rather than hydro lytic activity. 

[0091] In an exemplary embodiment, the nucleotide sugar purified by a method of the 
invention has a formula selected from: 



In Formulae I and II, R 1 is H, CH 2 OR 7 , COOR 7 or OR 7 , in which R 7 represents H, substituted 
or unsubstituted alkyl or substituted or unsubstituted heteroalkyl. R 2 is H, OH, NH or a 
moiety that includes a nucleotide. An exemplary R 2 species according to this embodiment 
has the formula: 



in which X 1 represents O or NH and R 8 is a nucleoside. 

[0092] The symbols R 3 , R 4 , R 5 , R 6 and R 6 independently represent H, substituted or 
unsubstituted alkyl, OR 9 , NHC(0)R 10 . The index d is 0 or 1. R 9 and R 10 are independently 
selected from H, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl or 
sialic acid. At least one of R 3 , R 4 , R 5 , R 6 , and R 6 includes the linker or linker-modifying 
group, e.g., PEG. In an exemplary embodiment, R 6 and R 6 , together with the carbon to 
which they are attached are components of the side chain of sialic acid. In still a further 
exemplary embodiment, this side chain is modified with the linker or linker-modifying 
moiety at one or more of C-6, C-7 or C-9. 




II 



I 
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[0093] In an exemplary embodiment, the linker arm has the structure below when w is 0, 
and when w is greater than 0, a modifying group is joined to the sugar core through the 
linker: 

(R 11 )w L 1 

5 in which R 11 is the polymeric moiety and L is selected from a bond and a linking group, and 
w is an integer from 1-6, preferably 1-3 and more preferably, 1-2. 

[0094] When L is a bond it is formed between a reactive functional group on a precursor of 
R 11 and a reactive functional group of complementary reactivity on a precursor of L. As set 
forth herein, the selection and preparation of precursors with appropriate reactive functional 
1 0 groups is within the ability of those skilled in the art. Moreover, combining the precursors 
proceeds by chemistries that are well-understood in the art. 

[0095] In an exemplary embodiment L is a linking group that is formed from an amino 
acid, an amino acid mimetic, or small peptide (e.g., 1-4 amino acid residues) providing a 
modified sugar. In another embodiment, the modifying group is attached through the linker, 

1 5 e.g., a polymeric modifying moiety is attached through a substituted alkyl linker. The linker 
is formed through reaction of an amine moiety and carboxylic acid (or a reactive derivative, 
e.g., active ester, acid halide, etc.) of the amino acid with groups of complementary reactivity 
on the precursors to L and R 1 1 . The elements of the conjugate can be conjugated in 
essentially any convenient order. For example the precursor to L can be in place on the 

20 saccharide core prior to conjugating the precursors of R 11 and L. Alternatively, an R n -L 

cassette, bearing a reactive functionality on L can be prepared and subsequently linked to the 
saccharide through a reactive functional group of complementary reactivity on this species. 

[0096] In an exemplary embodiment, the linker and/or modifying moiety is R 3 and/or R 6 . 
In another exemplary embodiment, R 3 and/or R 6 includes both the polymeric modifying 

25 moiety and a linker, L, joining the polymeric moiety to the remainder of the molecule. In 
another exemplary embodiment, the modifying moiety is R 3 . In a further exemplary 
embodiment, R 3 includes both the modifying group and a linker, L, joining the modifying 
group to the remainder of the molecule. In yet another exemplary embodiment in which the 
sugar is a sialic acid, the linker and/or modifying group is at R 5 or attached at a position of 

30 the sialic acid side chain, e.g., C-9. 
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[0097] In an exemplary embodiment, the present invention provides a method of purifying 
a sugar or activated sugar conjugate or nucleotide sugar conjugate that is formed between a 
linear polymer, such as a water-soluble or water-insoluble polymer. In these conjugates, the 
polymer is attached to a sugar, activated sugar or sugar nucleotide. As discussed herein, the 
polymer is linked to the sugar moiety, either directly or through a linker. 

[0098] An exemplary compound according to this embodiment has a structure according to 
Formulae (I) or (II), in which at least one of R 1 , R 3 , R 4 , R 5 or R 6 has the formula: 




HN— L — R 11 



R 11 is present or absent. In this embodiment, an exemplary linker is derived from a natural or 
unnatural amino acid, amino acid analogue or amino acid mimetic, or a small peptide formed 
from one or more such species. For example, certain branched polymers found in the 
compounds purified by methods of the invention have the formula: 



O 




[0099] X a is a linking moiety that is formed by the reaction of a reactive functional group 
on a precursor of the branched polymeric modifying moiety and the sugar moiety, or a 
precursor to a linker. For example, when X 3 is a carboxylic acid, it can be activated and 
bound directly to an amine group pendent from an amino-saccharide (e.g., GalNH 2 , GlcNH 2 , 
ManNFb, etc.), forming an X a that is an amide. Additional exemplary reactive functional 
groups and activated precursors are described hereinbelow. The index c represents an integer 
from 1 to 10. The other symbols have the same identity as those discussed above. 

[0100] In another exemplary embodiment, X a is a linking moiety formed with another 
linker: 

| X a L 1 X b 1 

in which X b is a linking moiety and is independently selected from those groups set forth for 
X a , and L 1 is a bond, substituted or unsubstituted alkyl or substituted or unsubstituted 
heteroalkyl. 
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[0101] Exemplary species for X a and X b include S, SC(0)NH, HNC(0)S, SC(0)0, O, NH, 
NHC(O), (O)CNH andNHC(0)0, and OC(0)NH. 

[0102] Another example according to this embodiment has the formula: 

NHC(0)(CH 2 ) s — NHC(O) — R 11 

5 in which s is an integer from 0 to 20 and C(0)R u is present or absent and, when present, R 11 
is a modifying group. 

[0103] When the modifying group is a PEG moiety, the PEG moieties can have any 
molecular weight, e.g., 2 kDa, 5 kDa, 10 kDa, 20 kDa, 30 kDa and 40 kDa are of use in the 
present invention. 

10 [01 04] Exemplary nucleosides include AMP, UMP, GMP, CMP, TMP, ADP, UDP, GDP, 
CDP, TDP, ATP, UTP, GTP, CTP, TTP, cAMP and cGMP. 

[0105] In a preferred embodiment, the sugar purified by the method of the invention 
includes a sialic acid modified with a linker group. Preferred sites for such modification are 
R 5 , R 6 or R 6 . Thus, in a preferred embodiment, at least one of R 1 and R 2 includes a linker. 
1 5 An exemplary linker is a glycyl linker. 

[0 1 06] In another preferred embodiment, the nucleotide sugar purified by the methods set 
forth herein has the formula: 

OH 




NH 2 

in which the radicals are as discussed above, and R 11 is a modifying group which is present or 
20 absent. 

[0107] In one embodiment, the modified sialic acid (nucleotide sugar derivative) has the 
following structure: 
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HOH 2 C' 




O 



[0108] In yet another embodiment, a modifying group is attached to the sialic acid through 
the linker. An exemplary species according to this description includes a modifying group 
attached through the primary amino group of the linker. An exemplary modifying group is a 
water-soluble polymer, such as poly(ethylene glycol) and poly(propylene glycol). 

[0 1 09] In another embodiment, the nucleotide sugar produced by a method of the invention 
the formula: 



is a linker-modifying group. The index s is an integer selected from 1 to 20. The index f is 
an integer selected from 1 to 2500. Q is a member selected from H and substituted or 
unsubstituted Ci-C 6 alkyl. 

[0110] Exemplary PEG moieties included as modifying groups in the modified nucleotide 
sugars of the invention include, but are not limited to: 




wherein 
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(OCH 2 CH 2 ) n A 1 
CA 3 A 4 

(CA 5 A 6 )j 



A^(CH 2 CH 2 0) m - 

R 16 ~X 2 (CA 8 A 9 ) k 

I L a I 
X 5 -C^ \| CA 10 A 11 

R 17 — X 4 an d 



wherein L a is a linker selected from a bond, substituted or unsubstituted alkyl and substituted 
or unsubstituted heteroalkyl. The symbols X 5 , R 16 and R 17 independently represent polymeric 
moieties and non-reactive groups. X 2 and X 4 represent independently selected linkage 
5 fragments joining polymeric moieties R 16 and R 17 to C The indices m and n are integers 
independently selected from 0 to 5000. 

[0111] The symbols A 1 , A 2 , A 3 , A 4 , A 5 , A 6 , A 7 , A 8 , A 9 , A 10 and A 11 independently 
represent H, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, 
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, 
1 0 substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -NA 12 A 13 , -OA 12 or - 
SiA 12 A 13 . A 12 and A 13 are members independently selected from substituted or unsubstituted 
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, 
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, and 
substituted or unsubstituted heteroaryl. 

1 5 [0112] Exemplary linkage fragments for X 2 and X 4 include CH 2 , S, SC(0)NH, HNC(0)S, 
SC(0)0, O, NH, NHC(O), (O)CNH and NHC(0)0, and OC(0)NH, CH 2 S, CH 2 0 , 
CH 2 CH 2 0, CH 2 CH 2 S, (CH 2 ) a O, (CH 2 ) a S or (CH 2 ) a Y'-PEG or (CH 2 ) a Y'-PEG wherein Y' is S 
or O and a is an integer from 1 to 50. 

[0113] In an exemplary embodiment, the polymeric modifying group has a structure 
20 according to the following formulae: 
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(OCH 2 CH 2 ) n A 1 



CH ; 



A 2 (CH 2 CH 2 0) n 



(OCH 2 CH 2 ) n A 1 
I 

CH 2 



-H 



A 2 (CH 2 CH 2 0) n 



-H 




N 

H and 



[0114] In another exemplary embodiment according to the formula above, the polymeric 
modifying group has a structure according to the following formula: 

H 



A 2 (CH 2 CH 2 0) 




(OCH 2 CH 2 )nA 1 



In an exemplary embodiment, A 1 and A 2 are each members selected from -OH and -OCH3 

[0115] Exemplary linker-polymeric modifying groups according to this embodiment 
include: 

H 

(OCH 2 CH 2 ) n OCH 3 



CH 3 0(CH 2 CH 2 0) l 




(OCH 2 CH 2 ) n OCH 3 



CH 3 0(CH 2 CH 2 0) m 




and 

[0116] Further specific embodiments of linear and branched polymers, e.g., PEGs, of use in 
the invention include: 
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Me' 



O 



OH 

6 ; and 



Me"" 



and carbonates and active esters of these species, such as: 

-°^^o)^ 0 ^ 

Me 



F ; and 




can be used to form the linear and branched polymeric species, linker arm conjugates of these 
species and conjugates between these compounds and sugars and nucleotide sugars. 

[0117] Other exemplary activating, or leaving groups, appropriate for activating linear 
PEGs of use in preparing the compounds set forth herein include, but are not limited to the 

species: 
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F F 



It is well within the abilities of those of skill in the art to select an appropriate activating 
group for a selected moiety on the precursor to the polymeric modifying moiety. 

[0118] PEG molecules that are activated with these and other species and methods of 
5 making the activated PEGs are set forth in WO 04/083259. 

[0119] In exemplary embodiments, the branched polymer is a PEG is based upon a 
cysteine, serine, lysine, di- or tri-lysine core. Thus, further exemplary branched PEGs 
include: 
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NHC(0)OCH 2 CH 2 (OCH 2 CH 2 ) e OCH 3 



IHC(0)OCH 2 CH 2 (OCH 2 CH 2 ) f OCH 3 



NHC(0)CH 2 CH 2 (OCH 2 CH 2 ) e OCH 3 



IHC(0)CH 2 CH 2 (OCH 2 CH 2 ) e OCH 3 




NHC(0)CH 3 

[0120] In yet another embodiment, the branched PEG moiety is based upon a tri-lysine 
peptide. The tri-lysine can be mono-, di-, tri-, or tetra-PEG-ylated. Exemplary species 
according to this embodiment have the formulae: 
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o 




and 



in which e, f and f are independently selected integers from 1 to 2500; and q, q' and q" are 
independently selected integers from 1 to 20. 

[0121] In exemplary embodiments of the invention, the PEG is m-PEG (5 kD, 10 kD, or 
5 20kD). An exemplary branched PEG species is a serine- or cysteine-(m-PEG)2 in which the 
m-PEG is a 20 kD m-PEG. 

[0122] As will be apparent to those of skill, the branched polymers of use in the invention 
include variations on the themes set forth above. For example the di-lysine-PEG conjugate 
shown above can include three polymeric subunits, the third bonded to the a-amine shown as 
1 0 unmodified in the structure above. Similarly, the use of a tri-lysine functionalized with three 
or four polymeric subunits is within the scope of the invention. 

[0123] Those of skill in the art will appreciate that one or more of the m-PEG arms of the 
branched polymer can be replaced by a PEG moiety with a different terminus, e.g., OH, 
COOH, NH 2? C 2 -Ci 0 -alkyl, etc. Moreover, the structures above are readily modified by 
1 5 inserting alkyl linkers (or removing carbon atoms) between the a-carbon atom and the 

functional group of the side chain. Thus, "homo" derivatives and higher homologues, as well 
as lower homologues are within the scope of cores for branched PEGs of use in the present 
invention. 

[0124] In an exemplary embodiment, L a is attached to a free amine moiety of the linker 
20 arm, e.g., glycyl linker, through an amine, amide or urethane bond. 
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[0125] In another exemplary embodiment, the PEG is a linear PEG. Similar to the 
branched PEG species, the linear PEG can be attached to an amine moiety of the linker arm 
through an amine, amide or urethane linkage. 

[0126] In a presently preferred embodiment, the saccharides described above are converted 
5 to their nucleoside analogues, derivatives including a linker arm, analogues in which a 

modifying group is attached to a sugar residue of the saccharide directly or through a linker, 
and nucleotide adducts of each of these motifs. 

Formation of the Modified Nucleotide Sugar 

[0127] In another example according to any of the above embodiments, the method further 
1 0 includes: (vi) forming the modified nucleotide sugar. In one example, the modified 

nucleotide sugar is formed by contacting a nucleotide sugar derivative that includes a reactive 
functional group (e.g., a primary amino group) with an activated polymeric reagent, for 
example an activated poly(alkylene oxide) reagent. The polymeric reagent may be activated 
by incorporating an activated ester moiety (e.g., NHS-ester), an acid chloride group or an 
1 5 activated carbonate (e.g., /?-nitrophenyl carbonate) moiety. Exemplary activated polymeric 
reagents include a /?-nitrophenyl moiety. A person of skill in the art will appreciate that any 
coupling reaction suitable for conjugating two reaction partners can be used to covalently link 
the nucleotide sugar to a modifying group. The term "nucleotide sugar derivative" is any 
nucleotide sugar incorporating a reactive functional group useful to form a covalent bond 
20 with another reactive functional group on the polymeric modifying group. Exemplary 
reactive functional groups include nucleophilic groups, such as amino groups, hydroxyl 
groups and sulfhydryl groups. Exemplary electrophilic reactive functional groups include 
activated esters, /?-nitrophenyl carbonates, acid chlorides and the like. 

[0128] In one example, the modified nucleotide sugar is formed by contacting a nucleotide 
25 sugar derivative that includes a primary amino group with an activated poly(alkylene oxide) 
moiety under conditions sufficient to form a covalent bond between the amino group of the 
nucleotide sugar derivative and the poly(alkylene oxide) moiety. In one example, the 
nucleotide sugar derivative is a nucleotide sugar covalently linked to a glycine moiety. In 
another example, the nucleotide sugar derivative is selected from CMP-SA-glycine, AMP- 
30 SA-glycine, UMP-SA-glycine, GMP-SA-glycine, CMP-SA-glycine, TMP-SA-glycine, ADP- 
SA-glycine, UDP-SA-glycine, GDP-SA-glycine, CDP-SA-glycine, TDP-SA-glycine, ATP- 
SA-glycine, UTP-SA-glycine, GTP-SA-glycine, CTP-SA-glycine, TTP-SA-glycine, cAMP- 
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SA-glycine and cGMP-SA-glycine, wherein the sialic acid moiety (SA) is optionally replaced 
with another sugar moiety (e.g., Glc, GlcNAc, Gal, GalNAc, fucose, mannose, xylose) and/or 
the glycine moiety is optionally replaced with another linker moiety providing a reactive 
functional group. 

5 [0129] In one example, the nucleotide sugar derivative used in the methods of the invention 
is enzymatically synthesized from a nucleotide and a sugar in the presence of an enzyme, 
such as a glycosyltransferase (e.g., sialyltransf erase). Exemplary methods for the synthesis 
and purification of nucleotide sugar derivatives as well as exemplary enzymes are disclosed 
in WO2007/056191, filed November 3, the disclosure of which is incorporated herein in its 
1 0 entirety. 

[0130] In one example according to any of the above embodiment, the nucleotide sugar 
derivative, which includes a primary amino group and the activated polymeric moiety, which 
includes a /?-nitrophenyl carbonate moiety (e.g., poly(ethylene glycol)-/?-nitrophenyl- 
carbonate) are contacted in the presence of an aqueous solvent having a pH between about 
1 5 8.0 and 9.0, between 8.0 and about 8.9 or between about 8.0 and about 8.8. 

[0131] Unexpectedly, the inventors have discovered that a pH range between about 8.0 and 
about 8.8 in an aqueous solvent system is critical during the coupling reaction between an 
activated polymeric modifying group that includes a /?-nitrophenyl (pNP) carbonate moiety, 
such as PEG-/?-nitrophenyl carbonates (e.g., mPEG-p-nitrophenyl) and the nucleotide sugar 

20 deivative, (e.g., CMP-SA-glycine). The optimized pH range (above pH 7.0) largely reduces 
the formation of side -products due to hydrolysis of the reaction partners and products, and 
thus significantly increases yields and purities for the final products. For example, below pH 
7.0, CMP-SA-glycine and CMP-SA-PEG decomposed due to hydrolysis to form CMP, sialic 
acid-glycine and sialic acid-PEG. Exemplary decomposition products are shown in Figure 3. 

25 An initial pH between about 8.0 and about 8.8 (e.g., about 8.6 to about 8.7) of the reaction 
mixture was critical in achieving the highest conversion yields. The optimum pH range 
throughout the process was between about 8.0 and about 8.8. When the pH dropped below 
8.0, the reaction slowed dramatically resulting in poor conversion yields. 

[0132] For example, CMP-SA-PEGs (e.g., CMP-SA-PEG-10 kDa, CMP-SA-PEG-20 kDa 
30 and CMP-SA-glycerol-PEG-40 kDa) can be prepared by reacting CMP- SA-Gly cine (GSC) 
with a PEG reagent incorporating a /?-nitrophenyl carbonate moiety (e.g. linear or branched 
10 kDa, 20 kDa, 40 kDa, 60 kDa, 80 kDa, 100 kDa molecular weight PEG reagents). An 
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exemplary synthetic route according to this embodiment is outlined in Figure 2. The current 
invention provides improved methods, in which the CMP-SA-PEGs are obtained in greater 
purity and in better overall yields than during known processes. 

Anion Exchange Chromatography 
5 [0133] In an exemplary embodiment a sample containing the nucleotide sugar of interest is 
loaded onto an anion exchanger in a loading buffer comprising a salt concentration below the 
concentration at which the nucleotide sugar would elute from the column. In one example, 
the pH of the buffer is selected so that the nucleotide sugar is retained on the anion exchange 
medium. Changing the pH of the buffer alters the charge of the nucleotide sugar, and 
1 0 lowering the pH value shortens the retention time with anion exchangers. Alternatively, the 
anion exchange conditions are selected to preferentially bind impurities, while the purified 
peptide is found in the flow-through. 

[0134] The column may be washed with several column volumes (CV) of buffer to remove 
unbound substances and/or those substances that bind weakly to the resin. Fractions are then 

1 5 eluted from the column using, for example, a bicarbonate gradient according to conventional 
methods. The salt in the solution competes with the nucleotide sugar in binding to the 
column and the nucleotide sugar is released. Components with weak ionic interactions elute 
at a lower salt concentration than components with a strong ionic interaction. Sample 
fractions are collected from the column. Fractions containing high levels of the desired 

20 nucleotide sugar and low levels of impurities are pooled or processed separately. 

[0135] Anion exchange media are known to those of skill in the art. Exemplary anion 
exchange media are described, e.g., in Protein Purification Methods, A Practical Approach, 
Ed. Harris ELV, Angal S, IRL Press Oxford, England (1989); Protein Purification, Ed. 
Janson JC, Ryden L, VCH-Verlag, Weinheim, Germany (1989); Process Scale 
25 Bioseparations for the Biopharmaceutical Industry, Ed. Shukla AA, Etzel MR, Gadam S, 

CRC Press Taylor & Francis Group (2007), pages 188-196; Protein Purification Handbook, 
GE Healthcare 2007 (18-1 132-29) and Protein Purification, Principles, High 

ResolutionMethods and Applications (2 n d Edition 1998), Ed. Janson J-C and Ryden L, the 
disclosures of which are are incorporated herein by reference in their entirety. An exemplary 
30 anion exchanger of the invention is selected from quaternary ammonium resins and DEAE 
resins. In one embodiment, the anion exchanger is a quaternary ammonium resin (e.g. 
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Mustang Q ion exchange membrane, Pall Corporation). Other useful resins include QXL, 
Capto and BigBeads resins. In one example, the anion exchanger is Sartobind Q. 

[0136] Exemplary anion exchange media and exemplary manufacturers are summarized 

below: 

5 GE Healthcare : 
Q-Sepharose FF 
Q-Sepharose BB 
Q-Sepharose XL 
Q-Sepharose HP 
1 0 Mini Q 
Mono Q 
Mono P 

DEAE Sepharose FF 
Source 15Q 
15 Source 3 0Q 
Capto Q 

ANX Sepharose 4 FF (high sub) 
Streamline DEAE 
Streamline QXL 

20 

Applied Biosystems: 
Poros HQ 10 and 20um self pack 
Poros HQ 20 and 50um bulk media 
Poros PI 20 and 50um 
25 Poros D 50um 

Tosohaas : 

Toyopearl DEAE 650S, M and C 
Super Q 650 
30 QAE 550C 

Pall Corporation : 
DEAE Hyper D 
Q Ceramic Hyper D 
35 Mustang Q membrane absorber 

Merck KGgA : 
Fractogel DMAE 
FractoPrep DEAE 
40 Fractoprep TMAE 

Fractogel EMD DEAE 
Fractogel EMD TMAE 

Sartorious: Sartobind Q membrane absorber 
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[0137] The anion exchangers used in the methods of the invention are optionally membrane 
adsorbers rather than chromatographic resins or supports. The membrane adsorber is 
optionally disposable. 

Desalting 

5 [0138] In one embodiment, the mixture containing the nucleotide sugar of interest is 
desalted subsequent to anion exchange chromatography. 

[0139] Desalting of nucleotide sugar solutions is achieved using membrane filters wherein 
the membrane filter has a MWCO smaller than the nucleotide sugar of interest. The 
nucleotide sugar is found in the retentate and is reconstituted in a buffer of choice (e.g., 
1 0 water). The MWCO of the membrane used for desalting of the nucleotide sugar must be 
relatively small in order to avoid leaking of the nucleotide sugar through the membrane 
pores. For example, the MWCO of the ultrafiltration membrane is between about 1 kDa and 
10 kDa (e.g.a pore size of about 5 kDa). 

[0140] In one embodiment, desalting of the nucleotide sugar is accomplished using size- 
1 5 exclusion chromatography {e.g. gel filtration). The technique separates molecules on the 

basis of size. Typically, high molecular weight components can travel through the column 

more easily than smaller molecules, since their size prevents them from entering bead pores. 

Accordingly, low-molecular weight components take longer to pass through the column. 

Thus, low molecular weight materials, such as unwanted sails, can be separated from the 
20 nucleotide sugar of interest, 

[0141] In an exemplary embodiment, the column material is selected from dextran, 
agarose, and polyacrylamide gels, in which the gels are characterized by different particle 
sizes. In another exemplary embodiment, the material is selected from rigid, aqueous- 
compatible size exclusion materials. An exemplary gel filtration resin of the invention is 
25 Sepharose G-25 resin (GE Healthcare). 

[0142] In an exemplary embodiment, desalting is performed subsequent to anion-exchange 
chromatography {e.g. after Q-sepharose chromatography). 

[0143] To purify nucleotide sugars according to the methods of the invention, a membrane 
is selected that is appropriate for separating the desired carbohydrate from the undesired 
30 components (contaminants) of the solution from which the carbohydrate is to be purified. The 
goal in selecting a membrane is to optimize for a particular application the molecular weight 
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cutoff (MWCO), membrane composition, permeability, and rejection characteristics, that is, 
the membrane's total capacity to retain specific molecules while allowing other species, e.g., 
salts and other, generally smaller or opposite charged molecules, to pass through. The percent 
retention of a component i (Ri) is given by the formula Ri=(l-C ip /Ci r )x 100%, wherein C ip is 
5 the concentration of component i in the permeate and Q r is the concentration of component i 
in the retentate, both expressed in weight percent. The percent retention of a component is 
also called the retention characteristic or the membrane rejection coefficient. 

[0144] In an exemplary embodiment, a membrane is chosen that has a high rejection ratio 
for the nucleotide sugar of interest relative to the rejection ratio for compounds from which 

1 0 separation is desired. If a membrane has a high rejection ratio for a first compound relative to 
a second compound, the concentration of the first compound in the permeate solution which 
passes through the membrane is decreased relative to that of the second compound. 
Conversely, the concentration of the first compound increases relative to the concentration of 
the second compound in the retentate. If a membrane does not reject a compound, the 

1 5 concentration of the compound in both the permeate and the reject portions will remain 
essentially the same as in the feed solution. It is also possible for a membrane to have a 
negative rejection rate for a compound if the compound's concentration in the permeate 
becomes greater than the compound's concentration in the feed solution. A general review of 
membrane technology is found in "Membranes and Membrane Separation Processes," in 

20 Ullmann's Encyclopedia of Industrial Chemistry (VCH, 1990); see also, Noble and Stern, 
Membrane Separations Technology: Principles and Applications (Elsevier, 1995). 

[0145] As a starting point, one will generally choose a membrane having a molecular 
weight cut-off (MWCO, which is often related to membrane pore size) that is expected to 
retain the desired compounds while allowing an undesired compound present in the feed 

25 stream to pass through the membrane. The desired MWCO is generally less than the 

molecular weight of the compound being purified, and is typically greater than the molecular 
weight of the undesired contaminant that is to be removed from the solution containing the 
compound being purified. For example, to purify a compound having a molecular weight of 
200 Da, one would choose a membrane that has a MWCO of less than about 200 Da. A 

30 membrane with a MWCO of 100 Da, for example, would also be a suitable candidate. The 
membranes that find use in the present invention are classified in part on the basis of their 
MWCO as ultrafiltration (UF) membranes, nanofiltration (NF) membranes, or reverse 
osmosis (RO) membranes, depending on the desired separation. For purposes of this 
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invention, UF, NF, and RO membranes are classified as defined in the Pure Water 
Handbook, Osmonics, Inc. (Minnetonka MN). RO membranes typically have a nominal 
MWCO of less than about 200 Da and reject most ions, NF membranes generally have a 
nominal MWCO of between about 150 Da and about 5 kDa, and UF membranes generally 
5 have a nominal MWCO of between about 1 kDa and about 300 kDa (these MWCO ranges 
assume a saccharide-like molecule). A presently preferred utrafiltration membrane of use in 
purifying a nucleotide sugar PEG conjugate has a molecular weight cutoff of 19 Kd. 

[0146] A second parameter that is considered in choosing an appropriate membrane for a 
particular separation is the polymer type of the membrane. Exemplary membranes of use in 

1 0 the invention are made of conventional membrane material whether inorganic, organic, or 

mixed inorganic and organic. Typical inorganic materials include glasses, ceramics, cermets, 
metals and the like. Ceramic membranes, which are preferred for the UF zone, may be made, 
for example, as described in U.S. Pat. Nos. 4,692,354 to Asaeda et al 9 4,562,021 to Alary et 
al ., and others. The organic materials which are preferred for the NF and RO applications, 

1 5 are typically polymers, whether isotropic, or anisotropic with a thin layer or "skin" on either 
the bore side or the shell side of the fibers. Preferred materials for fibers are polyamides, 
polybenzamides, polysulfones (including sulfonated polysulfone and sulfonated poly ether 
sulfone, among others), polystyrenes, including styrene-containing copolymers such as 
acrylo-nitrile-styrene, butadiene-styrene and styrene-vinylbenzylhalide copolymers, 

20 polycarbonates, cellulosic polymers including cellulose acetate, polypropylene, poly(vinyl 

chloride), poly(ethylene terephthalate), polyvinyl alcohol, fluorocarbons, and the like, such as 
those disclosed in U.S. Pat. Nos. 4,230,463, 4,806,244, and 4,259,183. The NF and RO 
membranes often consist of a porous support substrate in addition to the polymeric 
discrimination layer. 

25 [0147] Of particular importance in selecting a suitable membrane composition is the 

membrane surface charge. Within the required MWCO range, a membrane is selected that 
has a surface charge that is appropriate for the ionic charge of the carbohydrate and that of 
the contaminants. While MWCO for a particular membrane is generally invariable, changing 
the pH of the feed solution can affect separation properties of a membrane by altering the 

30 membrane surface charge. For example, a membrane that has a net negative surface charge at 
neutral pH can be adjusted to have a net neutral charge simply by lowering the pH of the 
solution. An additional effect of adjusting solution pH is to modulate the ionic charge on the 
contaminants and on the carbohydrate of interest. Therefore, by choosing a suitable 
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membrane polymer type and pH, one can obtain a system in which both the contaminant and 
the membrane are neutral, facilitating pass-through of the contaminant. If, for instance, a 
contaminant is negatively charged at neutral pH, it is often desirable to lower the pH of the 
feed solution to protonate the contaminant. For example, removal of phosphate is facilitated 
5 by lowering the pH of the solution to at least about 3, preferably to at least about 4, more 
preferably to at least about 5 and still more preferably to at least about 6, which protonates 
the phosphate anion, allowing passage through a membrane. For purification of an anionic 
carbohydrate, the pH will generally between about pH 1 and about pH 7, preferably between 
about 3 to about 7 and more preferably from about 4 to about 6 . Conversely, if contaminant 

1 0 has a positive surface charge, the pH of the feed solution can be adjusted to between about 
pH 7 and about pH 14. For example, increasing the pH of a solution containing a 
contaminant having an amino group (-NH 3 + ) will make the amino group neutral, thus 
facilitating its passage through the membrane. Thus, one aspect of the invention involves 
modulating a separation by adjusting the pH of a solution in contact with the membrane; this 

1 5 can change the ionic charge of a contaminant and can also affect the surface charge of the 
membrane, thus facilitating purification if the desired carbohydrate. Of course, the 
manufacturer's instructions must be followed as to acceptable pH range for a particular 
membrane to avoid damage to the membrane. 

[0148] For some applications, a mixture is first subjected to nanofiltration or reverse 
20 osmosis at one pH, after which the retentate containing the nucleotide sugar of interest is 

adjusted to a different pH and subjected to an additional round of membrane purification. For 
example, filtration of a reaction mixture used to synthesize sialyl lactose through an 
Osmonics MX07 membrane (a nanofiltration membrane having a MWCO of about 500 Da) 
at pH 3, preferably at least about 4, more preferably at least about 5 and still more preferably 
25 at least about 6 will retain the sialyl lactose and remove most phosphate, pyruvate, salt and 
manganese from the solution, while also removing some of the GlcNAc, lactose, and sialic 
acid. Further recirculation through the MX07 membrane after adjusting the pH of the 
retentate to about 7, e.g., 7.4, will remove most of the remaining phosphate, all of the 
pyruvate, all of the lactose, some of the sialic acid, and substantial amounts of the remaining 
30 manganese. 

[0149] If a nucleotide sugar is to be purified from a mixture that contains proteins, such as 
enzymes used to synthesize a desired oligosaccharide or nucleotide sugar, it is often desirable 
to remove the proteins as a first step of the purification procedure. For a nucleotide sugar that 

43 



WO 2008/154639 



PCT/US2008/066749 



is smaller than the proteins, this separation is accomplished by choosing a membrane that has 
an MWCO which is less than the molecular mass of the protein or other macromolecule to be 
removed from the solution, but is greater than the molecular mass of the oligosaccharide 
being purified (i.e., the rejection ratio in this case is higher for the protein than for the desired 
5 saccharide). Proteins and other macromolecules that have a molecular mass greater than the 
MWCO will thus be rejected by the membrane, while the nucleotide sugar will pass through 
the membrane. Conversely, if an oligosaccharide or nucleotide sugar is to be purified from 
proteins that are smaller than the oligosaccharide or nucleotide sugar, a membrane is used 
that has a MWCO that is larger than the molecular mass of the protein but smaller than that of 

1 0 the oligosaccharide or nucleotide sugar. Generally, separation of proteins from carbohydrates 
will employ membranes that are commonly referred to as ultrafiltration (UF) membranes. UF 
membranes that are suitable for use in the methods of the invention are available from several 
commercial manufacturers, including Millipore Corp. (Bedford, MA), Osmonics, Inc. 
(Minnetonka, MN), Filmtec (Minneapolis, MN), UOP, Desalination Systems, Advanced 

1 5 Membrane Technologies, and Nitto. 

[0150] The invention also provides methods for removing salts and other low molecular 
weight components from a mixture containing a nucleotide sugar of interest by using a 
nanofiltration (NF) or a reverse osmosis (RO) membrane. Nanofiltration membranes are a 
class of membranes for which separation is based both on molecular weight and ionic charge. 

20 These membranes typically fall between reverse osmosis and ultrafiltration membranes in 

terms of the size of species that will pass through the membrane. Nanofiltration membranes 
typically have micropores or openings between chains in a swollen polymer network. 
Molecular weight cut-offs for non-ionized molecules are typically in the range from 100- 
20,000 Daltons. For ions of the same molecular weight, membrane rejections (retentions) 

25 will increase progressively for ionic charges of 0, 1, 2, 3 etc. for a particular membrane 
because of increasing charge density (see, e.g., Eriksson, P., "Nanofiltration Extends the 
Range of Membrane Filtration," Environmental Progress, 7: 58-59 (1988)). Nanofiltration is 
also described in Chemical Engineering Progress, pp. 68-74 (March 1994), Rautenbach et 
al. 9 Desalination 77: 73 (1990), and USPN 4,806,244). In a typical application, nucleotide 

30 sugars of interest will be retained by the nanofiltration membrane and contaminating salts and 
other undesired components will pass through. A nanofiltration membrane useful in the 
methods of the invention will typically have a retention characteristic for the nucleotide sugar 
of interest of from about 40% to about 100%, preferably from about 70% to about 100%, 
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more preferably from about 90% to about 100%. The nanofilter membranes used in the 
invention can be any one of the conventional nanofilter membranes, with polyamide 
membranes being particularly suitable. Several commercial manufacturers, including 
Millipore Corp. (Bedford, MA), Osmonics, Inc. (Minnetonka, MN), Filmtec, UOP, Advanced 
5 Membrane Technologies, Desalination Systems, and Nitto, among others, distribute 
nanofiltration membranes that are suitable for use in the methods of the invention. For 
example, suitable membranes include the Osmonics MX07, YK, GH (G-10), GE (G-5), and 
HL membranes, among others. 

[0151] Reverse osmosis (RO) membranes also allow a variety of aqueous solutes to pass 

1 0 through them while retaining selected molecules. Generally, osmosis refers to a process 
whereby a pure liquid (usually water) passes through a semipermeable membrane into a 
solution (usually sugar or salt and water) to dilute the solution and achieve osmotic 
equilibrium between the two liquids. In contrast, reverse osmosis is a pressure driven 
membrane process wherein the application of external pressure to the membrane system 

1 5 results in a reverse flux with the water molecules passing from a saline or sugar solution 

compartment into the pure water compartment of the membrane system. A RO membrane, 
which is semipermeable and non-porous, requires an aqueous feed to be pumped to it at a 
pressure above the osmotic pressure of the substances dissolved in the water. An RO 
membrane can effectively remove low molecular weight molecules (< 200 Daltons) and also 

20 ions from water. Preferably, the reverse osmosis membrane will have a retention 

characteristic for the nucleotide sugar of interest of from about 40% to about 100%, 
preferably from about 70% to about 100%, and more preferably from about 90% to about 
100%. Suitable RO membranes include, but are not limited to, the Filmtec BW-30, Filmtec 
SW-30, Filmtec SW-30HR, UOP RO membranes, Desal RO membranes, Osmonics RO 

25 membranes, Advanced Membrane Technologies RO membranes, and the Nitto RO 

membranes, among others. One example of a suitable RO membrane is Millipore Cat. No. 
CDRN500 60 (Millipore Corp., Bedford MA). 

[0152] The membranes used in the invention may be employed in any of the known 
membrane constructions. For example, the membranes can be flat, plate and frame, tubular, 
30 spiral wound, hollow fiber, and the like. In a preferred embodiment, the membrane is spiral 
wound. The membranes can be employed in any suitable configuration, including either a 
cross-flow or a depth configuration. In "cross-flow" filtration, which is preferred for 
ultrafiltration, nanofiltration and reverse osmosis purifications according to the invention, the 
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"feed" or solution from which the carbohydrate of interest is to be purified flows through 
membrane channels, either parallel or tangential to the membrane surface, and is separated 
into a retentate (also called recycle or concentrate) stream and a permeate stream. To 
maintain an efficient membrane, the feed stream should flow, at a sufficiently high velocity, 
5 parallel to the membrane surface to create shear forces and/or turbulence to sweep away 
accumulating particles rejected by the membrane. Cross-flow filtration thus entails the flow 
of three streams—feed, permeate and retentate. In contrast, a "dead end" or "depth" filter has 
only two streams—feed and filtrate (or permeate). The recycle or retentate stream, which 
retains all the particles and large molecules rejected by the membrane, can be entirely 
1 0 recycled to the membrane module in which the recycle stream is generated, or can be 

partially removed from the system. When the methods of the invention are used to purify 
nucleotide sugars from lower molecular weight components, for example, the desired 
nucleotide sugars are contained in the retentate stream (or feed stream, for a depth filter), 
while the permeate stream contains the removed contaminants. 

15 [0153] The purification methods of the invention can be further optimized by adjusting the 
pressure, flow rate, and temperature at which the filtration is carried out. UF, NF, and RO 
generally require increasing pressures above ambient to overcome the osmotic pressure of the 
solution being passed through the membrane. The membrane manufacturers' instructions as 
to maximum and recommended operating pressures can be followed, with further 

20 optimization possible by making incremental adjustments. For example, the recommended 
pressure for UF will generally be between about 25 and about 100 psi, for NF between about 
50 psi and about 1500 psi, and for RO between about 100 and about 1500 psi. Flow rates of 
both the concentrate (feed solution) and the permeate can also be adjusted to optimize the 
desired purification. Again, the manufacturers' recommendations for a particular membrane 

25 serve as a starting point from which to begin the optimization process by making incremental 
adjustments. Typical flow rates for the concentrate (P c ) will be between about 1 and about 15 
gallons per minute (GPM), and more preferably between about 3 and about 7 GPM. For the 
permeate, flow rates (Pf) of between about 0.05 GPM and about 10 GPM are typical, with 
flow rates between about 0.2 and about 1 GPM being preferred. The temperature at which 

30 the purification is carried out can also influence the efficiency and speed of the purification. 
Temperatures of between about 0 and about 100 °C are typical, with temperatures between 
about 20 and 40°C being preferred for most applications. Higher temperatures can, for some 
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membranes, result in an increase in membrane pore size, thus providing an additional 
parameter that one can adjust to optimize a purification. 

[0 1 54] In a preferred embodiment, the filtration is performed in a membrane purification 
machine which provides a means for automating control of flow rate, pressure, temperature, 
5 and other parameters that can affect purification. For example, the Osmonics 213T 

membrane purification machine is suitable for use in the methods of the invention, as are 
machines manufactured by other companies listed above. 

[0155] The membranes can be readily cleaned either after use or after the permeability of 
the membrane diminishes. Cleaning can be effected at a slightly elevated temperature if so 

1 0 desired, by rinsing with water or a caustic solution. If the streams contain small amounts of 
enzyme, rinsing in the presence of small amounts of surfactant, for instance ULTRASIL, is 
useful. Also, one can use prefilters (100-200 ]um) to protect the more expensive 
nanofiltration membranes. Other cleaning agents can, if desired, be used. The choice of 
cleaning method will depend on the membrane being cleaned, and the membrane 

1 5 manufacturer's instructions should be consulted. The cleaning can be accomplished with a 
forward flushing or a backward flushing. 

[0156] The purification methods of the invention can be used alone or in combination with 
other methods for purifying carbohydrates. For example, an ion exchange resin can be used 
to remove particular ions from a mixture containing a nucleotide sugar of interest, either 

20 before or after nanofiltration/reverse osmosis, or both before and after filtration. Ion 
exchange is particularly desirable if it is desired to remove ions such as phosphate and 
nucleotides that remain after a first round of nanofiltration or reverse osmosis. In the case of 
sialyl lactose synthesis as discussed above, this can be accomplished, for example, by adding 
an anion exchange resin such as AG1X-8 (acetate form, BioRad; see, e.g., BioRad catalog 

25 for other ion exchange resins) to a retentate that is at about pH 3 or lower until the phosphate 
concentration is reduced as desired. In this process, acetic acid is released, so one may wish 
to follow the ion exchange with an additional purification through the nanofiltration or 
reverse osmosis system. For example, one can circulate the pH 3 or lower solution through 
an Osmonics MX07 or similar membrane until the conductivity of the permeate is low and 

30 stabilized. The pH of the solution can then be raised to about 7, e.g., 7.4, with NaOH and the 
solution recirculated through the same membrane to remove remaining sodium acetate and 
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salt. Cations can be removed in a similar manner; for example, to remove Mn , an acidic ion 
exchange resin can be used, such as AG50WX8 (H + ) (BioRad). 

Filtration 

[0157] In one embodiment, following synthesis, a nucleotide sugar solution is optionally 
5 clarified by filtration. The nucleotide sugar solution passes through a membrane filter (e.g., a 
bag filter) in which contaminating salts and other undesired contaminants are filtered out of 
the nucleotide sugar solution. The clarification step can be incorporated at any step of the 
process. In a preferred embodiment, the nucleotide sugar solution is clarified after synthesis 
of the nucleotide sugar. The nucleotide sugar solution may be clarified one or more times. 

1 0 [0158] In one example, the nucleotide sugar solution is purified using hollow fiber 
filtration. Hollow fiber filtration removes, e.g., proteins introduced by the enzyme 
preparation of the nucleotide sugar. The hollow fiber membrane retains proteins from the 
enzyme preparation while allowing for passage of the nucleotide sugar solution through the 
membrane. In an exemplary embodiment, the hollow fiber membrane comprises a hollow 

1 5 fiber membrane with a tangential filtration skid. The hollow fiber filtration step can be 

incorporated at any step of the process. In one embodiment, the nucleotide sugar solution 
goes through hollow fiber filtration after clarification. In another embodiment, the nucleotide 
sugar solution goes through hollow fiber filtration after synthesis of the nucleotide sugar. 
The nucleotide sugar solution may be filtered one or more times using hollow fiber filtration. 

20 [0159] In another embodiment, the nucleotide sugar solution is purified using 

nano filtration. Nanofiltration removes salts and other low molecular weight components 
from a mixture. Nanofiltration membranes separate molecules based on molecular weight 
and ionic charge. Molecular weight-cutoffs for non- ionized molecules are typically in the 
range from 100-20,000 daltons. In an exemplary application, saccharides of interest will be 

25 retained by the nanofiltration membrane and contaminating salts and other undesired 

components will pass through. The nanofiltration step can be incorporated at any step of the 
process. In one embodiment, the nucleotide sugar solution goes through hollow- fiber 
filtration first and then nanofiltration. In another embodiment, the nucleotide sugar solution 
goes through nanofiltration first and then hollow fiber filtration. In the alternative, the 

30 nucleotide sugar solution may be purified using either hollow-fiber filtration or nanofiltration. 
In another embodiment, the nucleotide sugar solution goes through nanofiltration after 
clarification. In yet another embodiment, the nucleotide sugar solution goes through 
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nanofiltration after synthesis of the nucleotide sugar. The nucleotide sugar solution may be 
filtered one or more times using nanofiltration. After nanofiltration, the purified nucleotide 
sugar solution may generally be stored or may undergo further purification. 

[0 1 60] In another embodiment, the nucleotide sugar solution may optionally be decolorized 
5 (e.g., by passing the solution over activate carbon). In a preferred embodiment, 

decolorization involves passing the nucleotide sugar solution over a pre-packed column of 
activated carbon attached to a chromatography system. Decolorization can be incorporated at 
any step of the process. In one embodiment, the nucleotide sugar solution is decolorized after 
nanofiltration. In another embodiment, the nucleotide sugar solution is decolorized after 
1 0 hollow- fiber filtration. In yet another embodiment, the nucleotide sugar solution is 

decolorized after clarification. The nucleotide sugar solution may be decolorized one or more 
times. 

[0161] In another embodiment, the nucleotide sugar solution is purified using a charged 
depth media filter. The charged depth media filter removes, e.g., endotoxins from the 

1 5 nucleotide sugar solution. Endotoxins are toxic, natural compounds such as 

lipopolysaccharides found inside pathogens on the outer cell wall of bacteria. Purification by 
a charged depth media filter can be incorporated at any step of the process. In one 
embodiment, the nucleotide sugar solution is filtered after decolorization. In another 
embodiment, the nucleotide sugar solution is purified by a charged depth media filter after 

20 nanofiltration. In yet another embodiment, the nucleotide sugar solution is purified by a 
charged depth media filter after hollow- fiber filtration. In another embodiment, the 
nucleotide sugar solution is purified by a charged depth media filter after clarification. In 
another embodiment, the nucleotide sugar solution is purified by a charged depth media filter 
after synthesis of the nucleotide sugar. The nucleotide sugar solution may be filtered one or 

25 more times using a charged depth media filter. 

[0 1 62] In another embodiment, the nucleotide sugar solution is purified using a sterile 
filter. The sterile filter removes contaminating salts and other undesired contaminants from 
the nucleotide sugar solution. In a more preferred embodiment, the sterile filter is pre- 
packaged and sterilized with a bag manifold system for final filtration and storage. 
30 Purification by a sterile filter can be incorporated at any step of the process. In one 

embodiment, the nucleotide sugar solution is filtered by a sterile filter after purification by a 
charged depth media filter. In another embodiment, the nucleotide sugar solution is purified 
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by a sterile filter after decolorization. In yet another embodiment, the nucleotide sugar 
solution is purified by a sterile filter after nanofiltration. In another embodiment, the 
nucleotide sugar solution is purified by a sterile filter after hollow fiber filtration. In another 
embodiment, the nucleotide sugar solution is purified by a sterile filter after clarification. In 
5 another embodiment, the nucleotide sugar solution is purified by a sterile filter after synthesis 
of the nucleotide sugar. The nucleotide sugar solution may be filtered one or more times 
using a sterile filter. 

[0163] The following examples are offered solely for the purposes of illustration, and are 
intended neither to limit nor to define the invention. The following examples describe 
1 0 processes for the production of CMP-SA-PEGs. This focus is for clarity of illustration and 
should not be construed as limiting the process. A person of skill in the art will appreciate 
that the described processes equally apply to modified nucleotide sugars that include 
nucleotides and sugar moieties other than CMP and sialic acid, respectively. 

EXAMPLES 

15 General: 

[0164] Previous manufacturing processes for the production of CMP-SA-PEGs (e.g., CMP- 
SA-PEG-10 kDa, CMP-SA-PEG-20 kDa and CMP-SA-glycerol-PEG-40 kDa) utilized 
reversed phase chromatography (e.g., C-4 resins). An exemplary known process includes 
base hydrolysis, followed by TFF, followed by pH neutralization, followed by reverse-phase 

20 chromatography, followed by desalting, followed by removal of solvent (e.g., rotary 

evaporation) and freeze drying. This process was found to be non-suitable for large-scale 
applications (production of kg quantities) largely due to limitations associated with the 
reverse-phase chromatography step (e.g., high cost of the resin, the availability of prepacked 
commercial-scale C-4 columns, requirement to use of organic solvents) as well as the 

25 inability of this approach to completely separate all reaction contaminants. An alternative, 
streamlined production process was therefore developed to address the above destribed 
drawbacks and, particularly, to reduce the number of unit operations. 

[0165] An exemplary improved process is depicted in Figure 1 . In one embodiment, the 
improved process incorporates only five unit operations. These include the coupling 
30 (PEGylation) reaction to form CMP-SA-PEG, rotary evaporation to essentially remove THF, 
anion exchange chromatography (purification step), desalting/concentration/diafiltration 
using TFF, and freeze-drying to form a solid product. Each step, except for freeze-drying, 
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was optimized to improve performance of the process, which provides CMP-SA-PEGs in 
high purity. 

[0166] The conversion yields for the coupling reaction ranged from 67-99% depending on 
the size of the PEG. The step yield for the AEX chromatography ranged from 95-99% and 
5 the TFF step from 90-95% and essentially removes all contaminants originating from the 
coupling reaction, including SA-PEG. Overall product recoveries for the combined reaction, 
rotoevaporation, ion-exchange, TFF and freeze-drying unit operations were between about 65 
and 77%. The CMP-SA-PEGs produced by the new process had purities of between about 90 
and 95%. ^-NMR analyses of the final products showed no evidence of SA-PEG 
1 0 impurities. ICP analysis indicated the product was in the disodium salt form and contained 
no additional sodium salts. 

Methods and Materials 

[0167] Q Sepharose Big Beads were obtained from GE Healthcare. CMP-SA-Glycine 
Sodium salt ws obtained from AMRI. 10 kDa mPEG-p-nitrophenyl carbonate was obtained 
1 5 from (Dow Chemical Company. 40 kDa mPEG-p-nitrophenyl carbonate was obtained from 
NOF. 

[0168] The following equipment was generally used: Peristaltic Pump (Cole-Palmer, 
Masterflex L/S digital standard drive, easy-load II pump head); Peristaltic Pump (Cole- 
Palmer, Masterflex console drive, easy-load I pump head); FPLC (GE Healthcare, AKTA 

20 FPLC); HPLC Pump A and B (Dynamax, SD-1); HPLC Detector (Dynamax, UV-C); HPLC 
Detector (Varian, ProStar model 340); ELS Detector (S.E.D.E.R.E. France, Sedex 55), Freeze 
Drier (VirTis, 6K Benchtop); Ion-Exchange Column (4 L) (Sepracor SA, 285530, 180 x 300 
mm); Ion-Exchange Column (12 mL) (Biovalve, Inc., Omnifit, 006CC-10-50-AF, 10 x 250 
mm); Ion-Exchange Column (2 L) (GE Healthcare, BPG 100/500 column, 18-1 103-01); Ion- 

25 Exchange Column (100 mL) (GE Healthcare, XK 26/40, 18-8768-01); Conductivity Meter 
(Fisher Thermo Electron Corporation, Accumet Basic AB30, Orion 4 star); pH Meter (Orion 
Model 250A0; Positive displacement pump (Teknoflow Inc., Labtop (300/350)); Pellicon 2 
Standard IK Membrane, regenerated cellulose (Millipore, P2PLACV01; 1 kDa Regenerated 
Cellulose membrane; 0.1m 2 ; V screen); Pellicon 2 Standard 3K Membrane, regenerated 

30 cellulose (Millipore, P2PLBCV01 ; 3 kDa Regenerated Cellulose membrane; 0. lm 2 ; V 

screen); Pellicon 2 Standard 5K Membrane, regenerated cellulose (Millipore, P2C005C01; 5 
kDa Regenerated Cellulose membrane; 0.1m 2 ; C screen); Pellicon 2 Standard IK Membrane, 
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regenerated cellulose (Millipore, P2PLACC01; 1 kDa Regenerated Cellulose membrane; 
0.1m 2 ; C screen); Pellicon 2 Standard IK Membrane, regenerated cellulose (Millipore, 
P2PLACV05; 1 kDa Regenerated Cellulose membrane; 0.5m 2 ; V screen). 

[0169] NWP = normalized water permeability; GSC = CMP-SA-Glycine; PSC = CMP-SA- 
5 PEG-20kDa 

[0170] X H-NMR (500 MHz, 800 MHz) spectra were recorded in D 2 0. Chemical shifts are 
expressed in parts per million relative to the water peak. 

[0171] Mixtures containing CMP-SA-PEGs were analyzed using reverse-phase HPLC 
(e.g., purity and recovery determinations). An exemplary method is described in the 

1 0 following: A Chromolith Performance RP18 column (VWR or Phenomonex) was attached to 
a Beckman HPLC system. Samples were injected via autosampler (10°C) onto the column 
maintained at 35°C. The column was eluted at a flow rate of 5.0 mL/min, under the following 
gradient conditions (Eluent A: 20 mM Potassium Phosphate, ImM TABHS, pH=6.2; Eluent 
B: 100% acetonitrile): 0.5% B for 2 minutes, followed by a series of linear gradients to 20% 

15 B over 2 minutes and to 40% B over 8 minutes and a final isocratic elution at 40% B for 7 

minutes. The column was re-equilibrated at 0.5 % B for 3 minutes providing a total analysis 
time of 22 minutes. Eluted peaks were detected at 271 nm. GSC and CMP-SA-PEG-10 kDa 
(AMRI) were used as retention time and calibration standards. GSC standards (AMRI) were 
used to determine a standard curve, for calculating concentrations of CMP-SA-PEG-10 kDa. 

20 The purity of these standards was determined by quantitative NMR analysis. 

[0172] The sodium content of purified and desalted CMP-SA-PEG samples was 
determined by inductively coupled plasma analysis (I CP). 

Example 1: 
Preparation of CMP-SA-PEGs 

25 1. 1. Preparation of CMP-SA-PEGs-1 0 kDa 

[0173] Cytidine-5'-monophospho-N-glycylsialic acid (CMP-SA-Glycine) disodium salt 
(1.23 g, 73.5 wt% pure, 1.34 mmol) was dissolved in Milli Q water (80 mL) in a 1 L single 
neck round bottom flask. The pH of the colorless solution was 10.48. Anhydrous THF was 
added (320 mL) and the pH was adjusted to 8.6 by the dropwise addition of 5.5 mL of 500 
30 mM monosodium phosphate solution (pH 4.6). The 10 kDa mPEG-p-nitrophenyl carbonate 
(20 g, 2.0 mmol, 1.5 eq.) was then added in one portion to the reaction solution. After the 
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PEG reagent had dissolved, the pH of the solution was 8.7. The yellow solution was stirred at 
20°C for 21 hrs. The pH of the reaction mixture was then adjusted from 7.8 to 8.5 by 
addition of 0.1 M NaOH (4.0 mL). The reaction mixture was stirred an additional 3 hours and 
the THF removed by evaporation under reduced pressure at 30°C using a rotory evaporator. 
5 The evaporation was stopped when the volume of the collected liquid was greater than 320 
mL. The resulting yellow solution was diluted with Milli Q water (400 mL) and the solution 
filtered through a 0.22 micron 1 L Nalgene filter unit using a vacuum to remove any 
insoluble material. The final volume of the yellow filtrate was 684 mL and had a conductivity 
of 0.97 mS/cm. The conversion yield as determined by HPLC was 82% (Table 1, batch 9). 

1 0 1.2. Preparation ofCMP-SA-PEG-20 kDa 

[0 1 74] Cytidine-5 ' -monophospho-N-glycylsialic acid (CMP-S A-Glycine) disodium salt 
(0.61 g 9 73.5 wt% 9 0.656 mmol) was dissolved in Milli Q water (40 mL) in a 500 mL single 
neck round bottom flask. The pH of the colorless solution was 10.5. Anhydrous THF (160 
mL) was added to the stirred solution and the pH adjusted to 8.5 (from 1 1 .2) by the drop wise 

1 5 addition of 2.0 mL of 500 mM monosodium phosphate solution (pH 4.6). The 20 kDa mPEG- 
p-nitrophenyl carbonate (20.0 g, 1.0 mmol, 1.5 eq.) was added in one portion to the reaction 
solution. After the PEG had dissolved, the pH of the solution was 8.6. The yellow mixture 
was stirred at 20°C for 21 hours. The pH of the reaction mixture was adjusted with NaOH 
(1.0 N, 2.0 mL) to 8.5 and the reaction mixture stirred for an additional 18 hours. The THF 

20 was removed by rotary evaporation using reduced pressure at 35 °C in a rotary evaporator. 

The evaporation was stopped when the volume of the collected liquid was more than 160 mL. 
The resulting yellow solution was diluted with Milli Q water (300 mL) and the solution 
filtered through a 0.22 micron 1 L Nalgene filter unit using vacuum to remove any insoluble 
material. The final volume of the yellow solution was 476 mL and had a conductivity of 

25 0.725 mS/cm at pH 7.21 . The conversion yield as determined by HPLC was 87% (Table 5, 
example 2). 

1.3. Preparation of CMP-S A-gtyceroi-PE G-40 kDa 

[0175] Cytidine-5 ' -monophospho-N-glycylsialic acid (CMP-S A-Glycine) disodium salt 
(368 mg, 73.5 wt% pure, 0.40 mmol) was dissolved in 40 mL of Milli Q water in a 500 mL 
30 single neck round bottom flask. Anhydrous THF (160 mL) was added to the stirred solution. 
The pH of the mixture was carefully adjusted from 1 1 .5 to 8.6 by dropwise addition of 2.0 
mL of 500 mM monosodium phosphate solution (pH 4.6). The 40 kDa mPEG-p-nitrophenyl 
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carbonate (20.96 g, 90% activation, 0.44 mmol, 1.1 eq.) was added to the reaction mixture in 
one portion. After 20 hours, the pH of the reaction mixture was adjusted from 8.31 to 8.82 by 
the addition of 1 .4 mL of 0. IN NaOH solution. After an additional 22 hours, about 0.8 mL of 
0.1N NaOH was added to bring the pH of the mixture from 8.52 to 8.89. After another 24 
5 hours (66 hours total reaction time), the THF was removed using a rotary evaporator under 
reduced pressure using a water bath temperature below 35°C. The evaporation was stopped 
when the volume of the collected liquid was more than 160 mL. The resulting yellow 
solution was diluted with 600 mL of Milli Q water and filtered through a 0.22 micron 1 L 
Nalgene filter with a vacuum pump. The filter was rinsed with about 50 mL Milli Q water. 
1 0 The final volume of the yellow filtrate solution was 678 mL and had a conductivity of 0.40 
mS/cm with a pH of 7.25. The conversion yield was 57% by HPLC (Table 6, example 5). 
The reaction mixture was split into two equal portions of 335 mL. One portion was purified 
as described below. 



Example 2 : 

1 5 Anion Exchange Chromatography of CMP-SA-PEGs 

2.1. Column Packing Procedure for Q-sepharose Big Bead Resin (2L Scale) 

[0176] Columns were prepared according to manufacturer's instructions. A representative 

procedure is described below: 

[0177] An empty GE BPG 100/500 chromatography column was inspected for cleanliness 
20 and structural integrity. The bottom frit was wetted with water. The column outlet was 

plugged and 1-2 cm of the water was poured in the bottom of the column. Q-Sepharose Big 
Beads resin slurry in 20% ethanol (about 3.2 L, 65%) was resuspended to assure 
homogeneity. The resin slurry was poured slowly down the inside of the column to prevent 
air entrapment. After the resin slurry had been transferred to the column, the inside of the 
25 column was rinse using a squirt bottle containing 20% ethanol. The resin was allowed to 

settle for about 30 minutes, making sure that the height of the resin was about 3-5 cm higher 
than the desired height of 25 cm. (Add more resin if necessary). The flow adaptor was filled 
with water and placed into the column. Care was taken to insure that no air was trapped 
between the flow adaptor and the liquid. The column outlet was opened and the flow adaptor 
30 was adjusted down to rest gently on the bed. The inlet was connected to the Dynamax SD-1 
HPLC pump. The pump was started and slowly ramped up to the target flow rate of 200 
mL/min. (The flow rate can be ramped up in several incremental changes with hold up time 
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of 2 min). After the bed was fully consolidated, the pump was shut off. The flow adaptor 
was adjusted down onto the bed until resistance was such that the adaptor would go no 
further. The column outlet was closed. The height of the resin was marked (25.4 cm). 
Ready for use, the column was first washed with 4 L of degassed RO water to remove the 
5 20% ethanol from the resin slurry. It was charged with NaOH (2 CV, at 100 mL/min, 40 min 
residence time) to sanitize the column and generate the hydroxide form of the resin, washed 
with RO water (2 CV, at 200 mL/min) and then charged with 1 M sodium bicarbonate (3 CV, 
200 mL/min) to generate the bicarbonate counterion form as described above. 

2.2. Q-Sepharose Big Beads Purification ofCMP-SA-PEG-10 kDa 
1 0 [0178] In a BPG 100/500 column, 2.0 L of Q-Sepharose Big Beads anion exchange resin 
(chloride form; 1 0 cm ID x 26 cm) was packed as described above and conneced to a 
Dynamax SD-1 HPLC system equipped with a UV detector capable of reading at both 214 
and 271 nm. The column was washed with 2 CV (4 L) degassed water at 100 mL/min (76 
cm/hr) to remove the 20% ethanol packing solution. The column was then sanitized by 
1 5 washing with 1 M NaOH (2 CV, 4 L, 100 mL/min, 76 cm/hr) and then converted to the 

bicarbonate salt form by then washing with RO water (2 CV, 4 L, 200 mL/min, 130 cm/hr) 
followed by 1 M NaHC0 3 (3 CV, 6 L, 200 mL/min, 130 cm/hr) and finally with RO water (3 
CV, 6 L, 200 mL/min, 130 cm/hr). The conductivity of the column effluent was <10 
microS/cm (pH 4.5-6) when completed. 

20 [01 79] The aqueous CMP-SA-PEG- 1 0 kDa reaction mixture according to Example 1 . 1 

(684 mL, pH 7.27, conductivity 0.97 mS/cm) was loaded onto the column at a flow rate of 65 
mL/min (50 cm/hr). After loading was complete, the column was washed with 4 L (2 CV) of 
RO water at a flow rate of 130 mL/min (100 cm/hr) until all the non-binding impurities had 
been washed from the column and the UV signal (271 and 214 nm) returned to baseline. A 

25 step elution was used to obtain the product. The SA-PEG impurity was eluted first (55 min 
retention time) from the column using 1 .2 L (0.6 CV) of 5 mM NaHC03 at a flow rate of 130 
mL/min (100 cm/hr) as shown in Figure 4. The elution buffer concentration was then 
increased and the product eluted (63 min retention time) with 6 L (3 CV) of 30 mM NaHCOs 
at a flow rate of 100 cm/hr. The excess CMP-SA-Glycine and other reaction by-products 

30 were then eluted from the colunn using 14 L (7 CV) of 1 M NaHC03 prior to column 

regeneration. Column elution was monitored using UV at both 214 nm and 271 nm and the 
appropriate fractions collected manually (Figure 4). The product fraction started when the 
UV 271 reading rose above the base line following the elution of the SA-PEG impurity peak, 
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and ended at about 5% of the peak maxium at the trailing side of the product peak. The 
product-containing fraction (fraction 1, 2.0 L) was split into two portions. About 500 mL 
was used to optimize the Tangential Flow Filtration (TFF) step while the remaining 1.5 L was 
processed by the optimized TFF procedure as described below. 

5 2.3. Q-Sepharose Big Beads Purification ofCMP-SA-PEG-20 kDa 

[0180] In a BPG 100/500 column, 2.0 L of Q-Sepharose Big Beads anion exchange resin 
(chloride form; 10 cm ID x 26 cm) was packed as described above and conneced to a 
Dynamax SD-1 HPLC system equipped with a UV detector capable of reading at both 214 
and 271 nm. The column was washed with 2 CV (4 L) degassed water at 100 mL/min (76 

1 0 cm/hr) to remove the 20% ethanol packing solution. The column was then sanitized by 
washing with 1 M NaOH (2 CV, 4 L, 100 mL/min, 76 cm/hr) and then converted to the 
bicarbonate form by then washing with RO water (2 CV, 4 L, 200 mL/min, 153 cm/hr) 
followed by 1 M NaHC0 3 (3 CV, 6 L, 200 mL/min, 153 cm/hr) and RO water (3 CV, 6 L, 
200 mL/min, 153 cm/hr). The conductivity of the column effluent was <10 microS/cm (pH 

1 5 4.5-6) when completed. 

[0181] CMP-S A-PEG-20 kDa reaction mixture according to Example 1 .2 (476 mL, pH 
7.21 , conductivity 0.725 mS/cm) was loaded onto the prepared column at a flow rate of 65 
mL/min (50 cm/hr). After loading was complete, the column was washed with 4 L (2 CV) of 
RO water at a flow rate of 130 mL/min (100 cm/hr) until all of the non-binding impurities 

20 had been washed from the column and the UV signal (217 and 271 nm) returned to baseline. 
The product was eluted using a step elution. The SA-PEG impurity was eluted first (55 min 
retention time) from the column using 2.0 L (1.0 CV) of 2 mM NaHCOs at a flow rate of 130 
mL/min (100 cm/hr) as shown in Figure 6. The elution buffer concentration was then 
increased and the product eluted (75 min retention time) with 6 L (3 CV) of 30 mM NaHCOs 

25 at a flow rate of 130 mL/min (100 cm/hr). The excess CMP-SA-Glycine and other reaction 
by-products were then eluted from the colunn using 14 L (7 CV) of 1 M NaHC0 3 prior to 
column regeneration. Column elution was monitored by UV absorption at both 214 nm and 
271 nm and the appropriate fractions collected (Figure 6). The product fraction started when 
the UV271 reading rose above the base line following the elution of the SA-PEG impurity 

30 peak, and ended at about 5% of the peak maxium at the trailing side of the product peak. The 
product containing fraction (fraction 1, 2.0 L) was used for the next step. 
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2.4. Q-Sepharose Big Beads Purification of CMP-SA-glycerol-PEG-40 kDa 
[0182] In a BPG 100/500 column, 2.0 L of Q-Sepharose Big Beads anion exchange resin 
(chloride form; 10 cm ID x 25.5 cm) was packed as described above and conneced to a 
Dynamax SD-1 HPLC system equipped with a UV detector capable of reading at both 214 
5 and 271 nm. The column was washed with 2 CV (4 L) degassed water at 100 mL/min (76 
cm/hr) to remove the 20% ethanol packing solution. The column was then sanitize by 
washing with 1 M NaOH (2 CV, 4 L, 100 mL/min, 76 cm/hr) and then converted to the 
bicarbonate form by then washing with RO water (2 CV, 4 L, 200 mL/min, 153 cm/hr) 
followed by 1 M NaHC0 3 (3 CV, 6 L, 200 mL/min, 153 cm/hr) and RO water (3 CV, 6 L, 
1 0 200 mL/min, 153 cm/hr. The conductivity of the column effluent was <10 microS/cm (pH 
4.5-6) when completed. 

[0183] The reaction mixture according to Example 1.3 (335 mL, pH 7.25, conductivity 
0.40 mS/cm) was loaded onto the prepared column at a flow rate of 40 mL/min (30.6 cm/hr). 
After loading was complete, the container was rinsed with about 500 mL water, and the 

1 5 solution loaded onto the column. The column was then washed with 4 L (2 CV) of RO water 
at a flow rate of 200 mL/min (153 cm/hr) until all of the non-binding impurities had been 
washed from the column and the UV signal returned to baseline (217 and 271 nm). The 
product was eluted using a step elution. The SA-PEG impurity was eluted first (44 min 
retention time) from the column using 2.0 L (1 .0 CV) of 2 mM NaHCOs at a flow rate of 200 

20 mL/min (153 cm/hr) as shown in Figure 7. The elution buffer concentration was then 

increased and the product eluted (47 min retention time) with 6 L (3 CV) of 20 mM NaHCOs 
at a flow rate of 200 mL/min (153 cm/hr). Column elution was monitored by UV absorption 
at both 214 nm and 271 nm and the appropriate fractions collected (Figure 7). The product 
fraction started when the UV271 reading rose to 20% of the product peak max absorbance 

25 (allowing for removal of the SA-PEG impurity shoulder), and ended at about 5% of the peak 
maxium at the trailing side of the major product peak. The product containing fractions were 
pooled (4.05 L, pH=7.4, 1218 microS/cm) and used for the next step. 

Example 3: 
Desalting Using Ultrafiltration 

30 3.1. Tangential Flow Filtration ofCMP-SA-glycerol-PEG-10 kDa Product Pool 

[0184] The 1.5 L Q Sepharose Big Beads product pool according to Example 2.2 was 
desalted by tangential flow filtration (TFF) using the process parameters summarized in 
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Table 1, below. A Masterflex L/S peristaltic pump was connected with silicone tubing (L/S 
24) to a Millipore Pellicon-2 Mini Holder equipped with three Millipore 1 kDa Pellicon 2 
"MINI" filters (PLAC-V 1 kDa Regenerated Cellulose Membrane; Screen Type: V; 0.1 m 2 ). 
About 500 mL of the aqueous product solution was transferred to a 500 mL PETG bottle, 
5 which was immersed in an ice bath. The solution was stirred using a magnetic stir bar, and 
the temperature monitored and maintained at 14-16°C throughout the process. Both the feed 
line and the retentate line were placed inside the PETG bottle on the TFF system. The 
remaining 1 L of solution, also chilled using an ice bath, was fed into the PETG bottle 
through another silicone tubing (L/S 25) using a second Masterflex peristaltic pump. The 

1 0 transfer flow rate of the second pump was set to equal the permeate flow rate of the TFF 
process in order to maintain a constant volume in the PETG bottle. The permeate solution 
was collected as fractions in a 250 mL graduated cylinder and each 250 mL of collected 
solution was transferred to storage bottles. The initial flow rate of the peristaltic pump was 
set at 1200 mL/min, and the retentate valve was adjusted to keep a constant TMP (-22 psi) 

1 5 throughout the process. The permeate solution was sampled every 250 mL volume, and the 
pH and conductivity were recorded. The permeate flow rate was also manually recorded. 
Once the original 1 .5 L of product solution had been concentrated to a total volume of about 
500 mL, chilled RO water was added into the PETG retentate bottle to maintain a constant 
volume. The permeate solution was continuously sampled every 500 mL. Once the volume 

20 of permeate had reached -2000 mL and the conductivity of the permeate solution dropped to 
47 microS/cm, the transfer pump was stopped. The retentate solution was then transferred to 
another PETG bottle (1 L). RO water (150 mL) was then added to the retentate PETG bottle 
and re-circulated for 5 min through the TFF system. This removed the remaining product in 
the system. The original retentate solution and wash retentate solution were then combined. 

25 The overall TFF step recovery of the CMP-SA-PEG-10 kDa was 90% based on HPLC 

analysis (Table 2). The recombined retentate solution (488 mL, pH=7.31, 138 microS/cm) 
was freeze dried which provided 7. 15 g (66% overall process yield) of a white solid that was 
87% pure by the current analysis method (Table 3). The lyophilized product was analyzed by 
l H NMR. 
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Table 1: 

Optimized Process Parameters for the Tangential Flow Filtration (TFF) Unit Operation 

for CMP-SA-PEG (10 and 20 kDa) 



Membrane 


Thrpp 0 1 m 2 Millinnrp ^K Ppllinrm ? "MTNTT" filter 

1 111CC W. 1 111 IvlllllUVJlC 1 IV SI ClllUVJll Z, IVlllNJL 111LC1 

(PLAC IK Regenerated Cellulose Membrane, 
Type V Screen 


Membrane area, m 2 


0.3 


TMP 


22 ± 1 psig 


Flux 


3.7 LMH 


Retentate Volume (L) 


500 mL (after concentration and throughout the 
diafiltration) 


Equilibration/Diafiltration Buffer 


RO water 


Diafiltration Criteria 


4 DF volumes (2000 mL total) 


Total Processing Time 


approximately 3 hours 


Temperature (°C) 


< 16°C (preferably 4-8°C) 


Membrane Storage Conditions 


0.1 M NaOH or 20% ethanol 



Table 2; 

Experimental results for the Tangential Flow Filtration (TFF) Unit Operation for 

CMP-SA-PEGs (10 kDa and 20 kDa) 



PEG 


Membrane 
Area 
(m 2 ) 


NWP 
(L/hr/psig/m 2 ) 


Retentate 
Volume 

(L) 


Retentate 
Temp 
Initial/ Final 

(°C) 


Retentate 
pH 


Conductivity 
(mcS/cm) 


Recovery 
(%) ' 


10 kDa 


0.1 


0.20 


0.15 


21/23 


6.6 


112 


96% 


10 kDa 


0.3 


0.17 


0.5 


16/15 


7.3 


138 


90% 


20 kDa 


0.3 


0.17 


0.5 


14/16 


7.8 


110 


112% 



[0185] In Table 2, the retentate volume was measured after concentration and desalting of 
the initial feed solution. The retentate temperature is the initial retentate temperature 
measured at the beginning of the concentration step and the final retentate temperature at the 
end of the diafiltration step. The retentate pH was measured after combination of first 
retentate (after concentration and diafiltration) with the system wash retentate. The 
conductivity of the retentate was measured after the combination of the first retentate (after 
concentration and diafiltration) and the system wash retentate. The overall product recovery 
was determined based on the total amount of product in the system feed solution compared to 
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the amount of product in the final combined retentates (after concentration, diafiltration and 
system wash). 



Table 3: 

Overall Process Recoveries for CMP-SA-PEG (10 kDa and 20 kDa) 



Process Batch 


Dry Weight 
(g) 


Purity 

(%) 


Overall 
Recovery 


CMP-SA-PEG- 10 kDa 


2.53 


85.9% 


70% 


CMP-SA-PEG- 10 kDa 


7.15 


87.0% 


64% 


CMP-SA-PEG-20 kDa 


10.52 


95.7% 


77% 



[0186] In Table 3, the dry weight is the solid weight after freeze-drying. The purity was 
determined by dividing the amount of product in the freeze-dried product as determined by 
RP-HPLC by the total amount of solid in the freeze-dried sample (assumed as product mass 
of 10,600 Dalton for CMP-SA-PEG-10 kDa or 20,600 Dalton for CMP-SA-PEG-20 kDa). 
1 0 Overall Recoveries for the production process (the reaction, solvent evaporation, AEX 

purification, concentration/diafiltration and freeze-drying steps) were calculated based on the 
ratio of moles of product obtained divided by the moles of the limiting reagent (CMP-SA- 
Gly) used in the coupling reaction multiplied by the fraction of the product pool processed x 
100%. 

1 5 3.2. Tangential Flow Filtration ofCMP-SA-glycerol-PEG-20 kDa Product Pool 
[0187] The Q Sepharose Big Beads product pool according to Example 2.3 (2.0 L) was 
desalted by tangential flow filtration using the process parameters summarized in Table 1 , 
above. A Masterflex L/S peristaltic pump was connected with silicone tubing (L/S 24) to a 
Millipore Pellicon-2 Mini Holder equipped with three Millipore 1 kDa Pellicon 2 "MINI" 

20 filters (PLAC-V 1 kDa Regenerated Cellulose Membrane; Screen Type: V; 0.1 m 2 ). About 

500 mL of the aqueous product solution was transferred to a 500 mL PETG bottle, which was 
immersed in an ice bath. The solution was stirred using a magnetic stir bar, and the 
temperature monitored and maintained at 4°C throughout the process. Both the feed line and 
the retentate line were placed inside the PETG bottle on the TFF system. The remaining 1.5 L 

25 of solution, also chilled using an ice bath, was fed into the PETG bottle through another 

silicone tubing (L/S 25) using a second Masterflex peristaltic pump. The transfer flow rate of 
the second pump was set to equal the permeate flow rate of the TFF process in order to 
maintain a constant volume in the feed PETG bottle. The permeate solution was collected as 
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500 mL fractions using a 500 mL graduated cylinder and were transferred to storage bottles. 
The initial flow rate of the peristaltic pump was set at 1200 mL/min, then the retentate valve 
was adjusted to keep a constant TMP (~22 psi) throughout the process. During processing, 
the permeate solution was sampled after every 500 mL collection, and the pH and 
5 conductivity were recorded. The permeate flow rate was also manually recorded. Once the 
original volume of product solution in the feed (2.0 L) had been concentrated to a total 
volume of about 500 mL, the retentate solution was then diafiltered. Chilled RO water (4°C) 
was added into the PETG retentate bottle connected to the TFF system at a rate to maintain a 
constant volume during diafiltration. The permeate solution was continuously sampled every 

1 0 500 mL and the conductivity and pH recorded. Once the volume of permeate had reached 
-2000 mL and the conductivity of the permeate solution dropped to 56 microS/cm, the 
transfer pump was stopped. The retentate solution was then transferred to another PETG 
bottle (1 L). RO water (150 mL) was added to the feed PETG bottle and re-circulated 
through the TFF system for 5 min. The original retentate solution and the wash retentate 

1 5 solution were then combined. The overall TFF step recovery of the CMP-SA-PEG-20 kDa 
was 1 12% as determined by HPLC analysis (Table 3). The combined retentate solution (530 
mL, pH=7.81, 110 microS/cm) was freeze dried to yield 10.52 g (77% overall processs yield) 
as a white solid that was 96% pure by the current analysis method (Table 3). The lyophilized 
product was analyzed by ^-NMR. 

20 3.3. Tangential Flow Filtration ofCMP-SA-glycerol-PEG-40 kDa Product Pool 

[0188] The Q Sepharose Big Beads product pool according to Example 2.4 (4.05 L) was 
desalted by tangential flow filtration (TFF) using the process parameters summarized in 
Table 4, below. A Masterflex L/S peristaltic pump (TFF pump) was connected through 
silicone tubing (L/S 35) to a Millipore Pellicon-2 Holder equipped with two Millipore 1 kDa 

25 Pellicon 2 Regenerated Cellulose Membranes; Screen Type: V; 0.5 m 2 . About 1 L of the 

aqueous product solution was transferred to a 1 L PETG bottle which was immersed in an ice 
bath. The solution was stirred with a magnetic stir bar, and the temperature was monitored 
through the entire process. The remaining product solution was chilled on an ice bath, and the 
solution fed into the PETG bottle through silicone tubing (L/S 25) by a second Masterflex 

30 peristaltic pump. The transfer speed of the second pump was set to equal to the permeate flow 
rate in order to maintain a constant volume in the PETG bottle. Both the feed line and the 
retentate line were placed inside the PETG bottle on the TFF system. The permeate solution 
was collected as 1 .0 L fractions in a 1 .0 L graduated cylinder and transferred to storage 
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bottles. The initial flow rate of the TFF peristaltic pump was set at 2.4 L/min, and the 
retentate valve was adjusted to maintain a constant TMP (-20 psi) throughout the process. 
The permeate solution was sampled after each 1 .0 L of solution collected, and the pH and 
conductivity were recorded. The permeate flow rate was also manually recorded. Once the 
5 original 4.0 L of product solution had been concentrated to a total volume of about 1.0 L, the 
retentate was diafiltered. Chilled RO water (4°C) was added into the PETG retentate bottle at 
a rate to maintain a constant volume during diafiltration. The permeate solution was 
continuously sampled every 1 .0 L. Once the total volume of the permeate solution had 
reached -4.0 L and the conductivity of the permeate solution had dropped to 56 microS/cm, 

1 0 the transfer pump was stopped. The retentate solution was then transferred to another PETG 
bottle (2 L). RO water (350 mL) was added to the PETG retentate bottle and re-circulated in 
the TFF system for 5 min. The original retentate solution and the wash retentate solution 
were then combined. The overall TFF step recovery of the CMP-SA-glycerol-PEG-40 kDa 
was 93% based on HPLC analysis of the final retentate pool and the original ion exchange 

1 5 pool (Table 5, process #1). The final TFF product solution (1060 mL, pH 7.60, 66 

microS/cm) was freeze-dried to afford 5.82 g (67% overall process yield) of a white solid 
with a purity of 92% by HPLC (Table 6, process 1). The freeze-dried product was analyzed 
by 'H-NMR. 

Table 4: 

20 Process Parameters for the Tangential Flow Filtration (TFF) Unit Operation for 



CMP-SA-glycerol-PEG-40 kDa 



Membrane 


Two 0.5 m 2 Millipore IK Pellicon 2 Regenerated 
Cellulose Membrane, Type V Screen 


Membrane area, m 2 


1.0 


TMP 


20 ± 1 psig 


Flux 


3 LMH 


Retentate Volume (L) 


1 L (after concentration and throughout the 
diafiltration) 


Equilibration/Diafiltration Buffer 


RO water 


Diafiltration Criteria 


> 3 DF volumes (3000 mL total) 


Total Processing Time 


Approximately 3 hours 


Temperature (°C) 


< 15°C (optimal temperature of 4-8°C) 


CIP Conditions 


0. 1 M NaOH, hold 30 minutes 


Membrane Storage Condition 


0.01 M NaOH or 20% ethanol 
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Table 5: 

Results of the Tangential flow filtration unit operation for 
CMP-SA-glycerol-PEG-40 kDa 





Membrane 


NWP 


Retentate 


Initial/Final 


Retentate 


Retentate 


Recovery 




Area 


L/hr/psig/m 2 


Volume 


Temp 


pH 


Conductivity 






(m 2 ) 




(L) 


(°C) 




(mcS/cm) 




Batch 1 


1.0 


0.15 


1 


15 -12 


7.6 


66 


93% 


Batch 2 


1.0 


0.15 


1 


13-10 


7.0 


45 


86% 



5 [0189] In Table 5, the retentate volume was determined after concentration and desalting of 
the initial feed solution. The initial retentate temperature in the system was measured at the 
beginning of the concentration step. The final retentate temperature was determined at the 
end of the diafiltion step. The pH of the retentate was determined after combination of the 
first retentate (after concentration and diafiltration) with the system wash retentate. The 
1 0 conductivity of the retentate was measured after the combination of the first retentate (after 
concentration and diafiltration) and the system wash retentate. Product recovery was 
calculated from the ratio of the product in the final TFF retentate pool (RP-HPLC 
concentration x volume) to that of the starting IEX pool (RP-HPLC concentration x volume). 

Table 6: 

1 5 Process Summary Results for the Production of CMP-SA-glycerol-PEG-40 kDa 





Dry Weight 
(g) 


Amount 

(g) 


Purity 


Overall Recovery 


Batch 1 


5.82 


5.14 


92.0% 


67% 


Batch 2 


5.36 


4.81 


93.1% 


62% 



[0190] In Table 6, product mass was calculated from the RP-HPLC concentration value 
and volume of the TFF retentate pool. The purity was determined using RP-HPLC and was 
calculated using the manufacturers (NOF) certificate of analysis mPEG molecular weight for 
20 the mass of CMP-SA-glycerol-PEG-40 kDa (43,347 Daltons). Overall Recoveries were 

calculated for the combined reaction, chromatography and TFF processes based on the ratio 
of moles of product obtained (from dry weight) divided by the moles of limiting reagent in 
the reaction multiplied by the fraction of the product pool processed x 100%. 
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Example 4: 

Additional Desalting Experiments Using Ultrafiltration 

4.1. Desalting of CMP-SA-glycerol-PEG-40 kDa using a 5 kDa Membrane. 
[0191] A Masterflex L/S peristaltic pump was connected through silicone tubing (L/S 15, 

5 #96400-15) to a Millipore Pellicon-2 Mini Holder equipped with one Millipore 5 kDa 

Pellicon 2 "MINI" filter (PLCC 5 kDa Regenerated Cllulose Membrane; Screen Type: C, 0.1 
m 2 ). The system was flushed with 2 L of water at 1000 mL/min. Water (2 L) was then re- 
circulated in the system at 1000 mL/min, and about 500 mL of permeate was collected with a 
TMP of 20 psi. The conductivity of the retentate was measured as 3 microS/cm. The 

1 0 normalized water permeability (NWP) was measured as -1 .4 L/hr/m 2 /psi. The CMP-SA- 
glycerol-PEG-40 kDa (4.0 g) was dissolved in 200 mL of chilled Milli Q water in a 500 mL 
plastic bottle, which was immersed in an ice bath. The solution was stirred with a magnetic 
stir bar. Both the feed line and the retentate line were placed inside the bottle. The solution 
was re-circulated through the system for 5 min at 500 mL/min. The pump speed was then 

1 5 increased to 1000 mL/min and the retentate pressure adjusted to 13 psi which provided a feed 
pressure of 25 psi and TMP of 19 psi. The TMP was maintained constant through the 
process. The permeate was collected in 100 mL fractions, the corresponding time for each 
fraction and temperature of the retentate were recorded. A second peristalitic was used to 
transfer chilled milli Q water to maintain a constant volume in the retentate bottle. The 

20 dialysis step was completed when 600 mL of the permeate was collected. The conductivity 
of the final 100 mL fraction was 12 microS/cm. The temperature of the retentate was between 
15-16 °C during the process. The average permeate flow rate was 28.6 mL/min with a 
calculated flux of 17.2 L/hr/m 2 . The normalized permeate rate was 0.90 L/hr/m 2 /psi. The 
retentate was transferred into a separate bottle, and the system was recirculated with 1 00 mL 

25 of water for 5 min. The original retentate solution and the wash retentate solution were then 
combined. The final combined retentate solutions (-350 mL, pH 6.6, 33 microS/cm) was 
freeze-dried to afford 3.92 g of a white solid with a recovery of 98% (Table 7). 

4.2. Desalting of CMP-SA-glycerol-PEG-40 kDa using a 3 kDa Membrane. 
[0192] A Masterflex L/S peristaltic pump was connected through silicone tubing (L/S 15, 

30 #96400-15) to a Millipore Pellicon-2 Mini Holder equipped with one Millipore 3 kDa 

Pellicon 2 "MINI" filter (PLCC 3 kDa Regenerated Cllulose Membrane; Screen Type: C, 0.1 
m 2 ). The system was flushed with 2 L of water at 1000 mL/min. Then it was re-circulated 
with 2 L water at 1000 mL/min, and about 500 ml of permeate was collected with TMP at 20 
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psi. The conductivity of the retentate was measured as 5 microS/cm. The normalized water 
permeability (NWP) was measured as -0.75 L/hr/m 2 /psi. CMP-SA-glycerol-PEG-40 kDa 
(4.0 g) was dissolved in 200 mL of chilled Milli Q water in a 500 mL plastic bottle, which 
was immersed in an ice bath. The solution was stirred with a magnetic stir bar. Both the feed 
5 line and the retentate line were placed inside the bottle. The solution was recirculated through 
the system for 5 min at 500 mL/min. The pump speed was then increased to 1000 mL/min 
and the retentate pressure adjusted to 20 psi providing a feed pressure of 20 psi and a TMP of 
20 psi. The TMP was maintained constant through the process. The permeate was collected 
in 1 00 mL fractions, the corresponding time for each fraction and temperature of the retentate 

1 0 were recorded. A second peristaltic was used to transfer chilled milli Q water to maintain a 
constant volume in the retentate bottle. The dialysis step was completed when 600 mL of the 
permeate was collected. The conductivity of the final 100 mL fraction was 34 microS/cm. 
The temperature of the retentate was between 13-15 °C during the process. The average 
permeate flow rate is 16.7 ml/min, and the calculated flux was 10.0 L/hr/m 2 , and the 

1 5 normalized permeate rate was 0.50 L/hr/m 2 /psi. The retentate was transferred into a separate 
bottle, and the system was re-circulated with 100 ml of water for 5 min. The original 
retentate solution and the wash retentate solution were then combined. The combined 
retentate solutions (-300 mL, pH 7.4, 56 microS/cm) was freeze-dried to afford 3.86 g of a 
white solid with a recovery of 95% (Table 7). 

20 Table 7: 



Tangential Flow Filtration of CMP-SA-glycerol-PEG-40 kDa using Regenerated 
Cellulose Membranes (3 kDa and 5 kDa) 



Membrane 
Type 


Membrane 
Area 
(m 2 ) 


Retentate 
Initial 

Cone. 
(mg/mL) 


TMP 

(psi) 


Temp 

(°C) 


Permeate 
flux 

(L/hr/m 2 ) 


NWP 
L/hr/m 2 /psi 


Conductivity 
(microS/cm) 


Recovery 


5 kDa 


0.1 


20 


19 


15-16 


10.0 


0.90 


33 


98% 


3 kDa 


0.1 


20 


20 


13-15 


7.6 


0.50 


56 


95 % 



[0193] In Table 7, the temperature is the retentate temperature range in the system 
25 throughout the diafiltration process. The conductivity was measured in the retentate after the 
combination of the first retentate (after diafiltration) and the system wash retentate. Product 
recovery was calculated from the ratio of the mass of the lyophilized TFF product to that of 
the CMP-SA-glycerol-PEG used to prepare the original solution for TFF (4 g). 
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Example 5: 

Optimization of the Coupling (PEGylation) Reaction 

[0194] The coupling reaction used to form CMP-SA-PEG-10 kDa was optimized to 
improve conversion yields and simplify process manipulations during the reaction (Table 8). 
5 A slight molar excess of mPEG-pNP reagent (1 .2-1 .5 mole eq.) was required to obtain the 
highest conversion yields. The reactions were performed in THF/water (4/1) at CMP-SA- 
Glycine concentrations between 3.4-3.7 mM and mPEG-pNP concentrations between 50-55 
mg/mL. 

Table 8: 

1 0 Coupling-Reaction Results for CMP-SA-PEG-10 kDa 



Rkt 


10-kDa- 


GSC 


THF 


Water 


Buffer 


pH 


Rkt 


Final 


PSC/ 


Cone. 


Yield 


No 


PEG-pNP 


(mmol) 


(mL) 


(mL) 


(mcL) 


Range 


Time 


Volume 


GSC 


CMP- 






(mmol) 












(hrs) 


(mL) 


Ratio 


SA-PEG 
























(mg/mL) 




1 


0.09 


0.073 


16 


4 


0.4 


8.2-7.8 


42 


25 


N/A 


3.9 


12% 


2 


0.90 


0.73 


160 


40 


4.0 


8.2-7.8 


88 


200 


N/A 


14 


36% 


3 


0.09 


0.073 


16 


4 


0.3 


8.6-7.9 


64 


25 


6.8/1 


46.5 


149% 


4 


0.11 


0.073 


16 


4 


0.3 


8.6-7.8 


64 


25 


15.8/1 


45.5 


146% 


5 


1.10 1 


0.735 


160 


40 


2.9 


8.7-7.9 


26 


250 


15.0/1 


32.7 


104% 


6 


2.75 


1.838 


400 


100 


7.0 


8.7-8.1 


40 


660 


44.2/1 


33.8 


113% 


7 


5.50 


3.675 


800 


200 


14.0 


8.7-8.1 


45 


1285 


77.9/1 


32 


105% 


8 


2.75 1 


1.838 


400 


100 


7.0 


8.6-8.1 


46 


675 


2.5/1 


22.4 


77% 


9 


2.00 


1.342 


320 


80 


5.5 


8.6-7.8 


19 


684 


7.1/1 


17.1 


81% 



[0195] In Table 8, PEG-pNP is 1 OkDa-PEG-pNP (assumed MW: 10,000 Dalton, assumed 
100% activation), buffer is amount of phosphate buffer (0.5 M) added to maintain the pH of 
the reaction and pH is observed pH range during the coupling reaction. The ratio of the 

1 5 amounts of PSC to GSC after the completion of the coupling reaction was measured using 

HPLC. All calculations incorporate a dry weight purity of 73.5% purity for GSC (CMP-SA- 
glycine) as a disodium salt (MW = 673) and assume a molecular weight of 10,000 Daltons 
for the 10 kDa-mPEG-pNP and 10,700 Daltons for the CMP-SA-PEG-10 kDa. All reactions 
were performed between about 19 and about 20 °C. The mass and moles of GSC added to 

20 each reaction was corrected for the actual reagent purity. Rkt time is total reaction time. The 
concentration of the PSC after the reaction was complete as determined by HPLC. 
Conversion yield was based on the ratio of amounts of PSC (HPLC) to GSC (amount used). 
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Reactions 1 through 4 were analyzed by RP-HPLC using CMP-SA-PEG-10 kDa as the 
calibration standard. Reactions 5 through 10 used CMP-SA-glycine as the calibration 
standard. 

[0196] The data indicates that an initial pH of 8.6-8.7 of the reaction mixture was critical at 
5 achieving the highest conversion yields (Table 8). The optimum pH range throughout the 
process was between about 8.0 and 8.8. When the pH dropped below 8.0, the reaction 
slowed dramatically resulting in poor conversion yields. Care was taken to not allow the pH 
to fall below 7.0 as CMP-SA-Glycine and CMP-SA-PEG decomposes under these conditions 
due to hydrolysis to form CMP, sialic acid-glycine and sialic acid-PEG (Figure 3). At a pH 

1 0 above 8.8, the 10 kDa-mPEG-pNP reagent hydrolyzed rapidly leading to low conversion 
yields (Figure 1, Table 8: reactions 1 and 2). Certain CMP-SA-Glycine reagents contained 
residual NaOH (to insure the sodium salt form of this reagent) that created solutions with a 
pH >10 when dissolved in water. Therefore, the first steps in setting up the coupling reaction 
involved dissolving the CMP-SA-Glycine in water required the addition of buffer (sodium 

1 5 phosphate, pH 4.6) to lower the pH to about 8.6 prior to addition of mPEG-pNP. After pH 
adjustment, mPEG-pNP was added to the reaction mixture and the reaction mixtures were 
kept at ambient temperature (about 19-20°C). As the reactions proceeded, the added 
phosphate buffer prevented the pH from dropping below 8.0 as the acidic species p- 
nitrophenol was formed. However, if the pH did fall to 8.0, sodium hydroxide (0. 1 N) was 

20 used to raise the pH to 8.6. 

[0197] It was occasionally difficult to achieve a stable pH reading due to the viscosity of 
the reaction mixture, especially for the reactions involving the larger PEGs. Higher mPEG- 
pNP concentrations were used for the larger PEGs (20 kDa and glycerol-40 kDa) to increase 
yields. Concentrations of 100 mg mPEG-pNP/mL reaction mixtures were used with CMP- 
25 SA-glycine concentrations of 3.3 (Tables 9 and 10). Conversion yields increased by about 10 
% when higher PEG concentrations were used (Table 10, reactions 1-4). 

[0198] The coupling reactions required between about 24 and about 72 hrs to completion. 
Reactions were monitored using RP-HPLC. Reaction times as long as about 48 to about 72 
hrs were required for some reaction conditions, especially those involving larger PEG 
30 molecules. 

[0 1 99] No significant difference in conversion yields was observed when different ratios of 
coupling reagents (GSC and 40 kDa-glycerol-mPEG-p-nitrophenyl carbonate) were used. 
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Table 10 shows that a reaction with 1.4 mol eq. GSC/1 mol eq activated PEG gave the same 
result as a reaction containing 1 . 1 mol eq. activated PEG/mol eq GSC under otherwise 
identical conditions (reactions 2 and 3). Although it may be possible to increase the 
conversion yield using a much larger excess of 40 kDa-glycerol-mPEG-p-nitrophenyl 
5 carbonate, the economics of the process would become much less favorable. 

[0200] The PEGylation reaction to produce CMP-SA-PEG-20 kDa and CMP-SA-glycerol- 
PEG-40 kDa was also performed in 100% water (no THF) (Table 9). It was initially assumed 
that in the absence of THF, the reaction process might proceed more quickly and the process 
itself would no longer require rotary evaporation as a unit operation. The results indicate that 

10 an aqueous reaction is possible. However, for the 20 kDa reaction, extensive pH monitoring 
and adjustment with 0.1 N NaOH was required, especially during the initial hours of the 
reaction. AS a result, no significant time savings were observed. In addition, when 100% 
water was used to produce the CMP-SA-glycerol-PEG-40 kDa, the glycerol-mPEG-p- 
nitrophenylcarbonate did not dissolve readily. This affected the rate and conversion yield of 

1 5 the reaction. Different buffers were also examined as part of the PEGylation optimization 

process using only water as a solvent. However, both sodium bicarbonate buffer (10 mM, pH 
8.1) and sodium borate buffer (10 mM, pH 8.6) resulted in lower conversion yields (Table 
10). 

Table 9: 

20 Coupling reaction results for CMP-SA-PEG-20 kDa 1 



Rkt 

No 


10-kDa- 
PEG-pNP 
(mmol) 


GSC 
(mmol) 


THF 

(mL) 


Water 
(mL) 


Buffer 
(mcL) 


pH 

Range 


Rkt 
Time 
(hrs) 


Final 
Volume 
(mL) 


PSC/ 
GSC 
Ratio 


Cone. 

CMP- 
SA-PEG 
(mg/mL) 


Yield 


1 


0.50 


0.327 


80 


20 


1200 


8.7-8.3 


29 


200 


22.7 


31.8 


96% 


2 


1.0 


0.656 


160 


40 


2000 


8.6-8.2 


39 


476 


21 


25.1 


87% 


3 


0.11 


0.073 


0 


30 


120 


8.7-7.8 


25 


45 


20 


29.4 


84% 


4 


0.55 


0.365 


0 


100 


800 


8.4-8.0 


24 


220 


20 


29.4 


84% 



[0201] In Table 9, GSC is CMP-SA-Glycine and PSC is CMP-SA-PEG-20kDa. All 
calculations incorporate a dry weight purity of 73.5% purity (HPLC) for the GSC as a 
disodium salt (673 Daltons) and assume a molecular weight of 20,000 Daltons and 100% 
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activation for the 20 kDa mPEG-/?NP and a moleculare weight of 20,700 Daltons for the 
CMP-SA-PEG-20 kDa. The mass and moles of GSC added to each reaction was corrected 
for the actual reagent purity. "Buffer" indicates the amount of phosphate buffer (0.5 M) 
added to maintain the pH of the reaction. "pH range" indicates the observed pH range during 
5 the coupling reaction. "Rkt time" is total reaction time. The ratio of the amounts of PSC to 
GSC was determined after the completion of the coupling reaction by HPLC. The 
concentration of the PSC after the reaction was complete as determined by HPLC. 
Conversion yields are based on the ratio of amounts of PSC to GSC as determined by HPLC. 

Table 10: 

1 0 Coupling Reaction Results for CMP-SA-glycerol-PEG-40 kDa 



Rkt 

No 


10-kDa- 
PEG-pNP 
(ininol) 


GSC 
(mmol) 


THF 

(mL) 


Water 
(mL) 


Buffer 
(mcL) 


pH 

Range 


Rkt 
Time 
(hrs) 


Final 
Volume 
(mL) 


PSC/ 
GSC 
Ratio 


Cone. 

CMP- 
SA-PEG 
(mg/mL) 


Yield 


1 


0.083 


0.066 


32 


8 


250 


8.7-8.4 


21 


60 


2.54 


30.08 


67% 


2 


0.022 


0.020 


16 


4 


90 


8.7-8.4 


75 


25 


1.38 


17.36 


53% 


3 


0.020 


0.024 


16 


4 


120 


8.7-8.4 


75 


35 


0.77 


12.56 


54% 


4 


0.11 


0.10 


40 


10 


500 


8.7-8.1 


68 


165 


3.57 


17.92 


73% 


5 


0.44 


0.40 


160 


40 


2000 


8.9-8.3 


66 


678 


2.73 


13.72 


57% 


6 


0.010 


0.012 


0 


10 


50 


-8.2 


20 


10 


0.68 


15.5 


38% 


7 


0.015 


0.010 


0 


10 


40 


-8.2 


22 


10 


1.23 


19.16 


47% 


8 


0.010 


0.012 


0 


0 io 


0 


-8.6 


20 


10 


0.46 


17.18 


42% 


9 


0.015 


0.010 


0 


0 io 


0 


-8.6 


22 


10 


0.95 


17.09 


42% 



[0202] In Table 10, GSC is CMP-SA-Glycine and PSC is CMP-SA-PEG-40 kDa. All 
calculations incorporate a dry weight purity of 73.5% purity for the GSC as a disodium salt 
(673 Daltons) and assumed a molecular weight of 42,843 Daltons for the 40 kDa mPEG-pNP 

1 5 (90% activation) and a molecular weigh of 40,700 Daltons for the CMP-SA-glycerol-PEG-40 
kDa. The mass and moles of GSC added to each reaction was corrected for the actual reagent 
purity. "Buffer" indicates the amount of phosphate buffer (0.5 M) added to maintain the pH 
of the reaction. "pH range" indicates the observed pH range during the coupling reaction. 
"Rkt time" is total reaction time. The ratio of the amounts of PSC to GSC was determined 

20 after the completion of the coupling reaction by HPLC. The concentration of the PSC after 
the reaction was complete as determined by HPLC. Conversion yields are based on the ratio 
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of amounts of PSC to GSC as determined by HPLC. Reactions 8 and 9 were performed using 
10 mL of 10 mM Na borate buffer, pH 8.6 as a replacement for sodium phosphate buffer. 

Example 6: 

Exemplary Processes for the Production of CMP-SA-PEGs 

5 6.1. Exemplary Process for the Production of CM PSA -PEG- 1 0 kDa 

[0203] CMP-SA-Glycine was dissolved in water and THF (1 part to 4 parts) at a 
concentration of 3.4 mM. The solution was adjusted to pH 8.6 with sodium phosphate and 
then 10 kDa mPEG-pNP reagent was added (1.5 mole equivalents relative to actual moles of 
CMP-SA-Glycine). The reaction was stirred at room temperature for 20-48 hours while 

1 0 maintaining the pH at 8.6. The reaction was monitored by RP-HPLC and when complete, 
and the reaction mixture was concentrated by rotary evaporation to remove the THF. The 
concentrated aqueous reaction mixture was diluted with water (400 mL) to a final volume 
that was 1.7 times the original reaction volume. The conductivity was measured and was 
below 1 mS/cm. The dilute product solution was loaded onto a Q-sepharose Big Beads 

1 5 column (10 g of PEG reagent per liter of resin with at least a 10 cm resin bed height) at a 
flow rate of 50 cm/hr. Non-binding material was washed from the column with 2 CV of 
water. The SA-PEG-10 kDa impurity was eluted from the column with 5 mM NaHCC>3 (0.6 
CV) at a flow rate of 100 cm/hr. The pure product, CMP-SA-PEG-10 kDa, was eluted with 
30 mM NaHCCb (3 CV) also at a flow rate of 100 cm/hr. The product fraction started when 

20 the UV271 reading rose above the base line following the SA-PEG impurity peak, and ended 
at about 5% of the peak maxium at the trailing side of the product peak as shown in Figure 4. 
The pooled product was cooled to 4°C and concentrated 3 -fold (to a product concentration of 
approximately 14 g/L) using a tangential flow filtration system that used 1 kDa regenerated 
cellulose membranes. Diafiltration of the retentate with 4°C water (4 retentate volumes) was 

25 used to remove the salt and was continued until the permeate conductivity approached that of 
feed water. The purified CMP-SA-PEG-10 kDa solution was then frozen and freeze-dried to 
dryness. 

6.2. Exemplary Process for the Production of CMP-SA -PEG -2 0 kDa 
[0204] CMP-SA-Glycine was dissolved in water and THF (1 part to 4 parts) at a 
30 concentration of 3.3 mM. The solution was adjusted to pH 8.6 with sodium phosphate and 
the 20kDa mPEG-pNP reagent (1.5 mole equivalents relative to actual moles of CMP-SA- 
Glycine) was added. The reaction was stirred at room temperature for 20-48 hours while 
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maintaining the pH at 8.6. The reaction was monitored by RP-HPLC and when the reaction 
was complete, the reaction mixture was concentrated by rotary evaporation to remove the 
THF. The concentrated aqueous reaction mixture was diluted with water (300 mL) to a final 
volume that was 2.4 times greater than the original total reaction volume. The conductivity 
5 was measured and verified to be less than 0.8 mS/cm. The diluted product solution was 

loaded onto a Q-sepharose Big Beads column (10 g of PEG reagent per liter of resin with at 
least a 10 cm resin bed height) at a flow rate of 50 cm/hr. Non-binding material was washed 
from the column with 2 CV of water. The SA-PEG-10 kDa impurity was eluted from the 
column with 2 mM NaHCC>3 (1 CV) at a flow rate of 100 cm/hr. The pure product was eluted 

1 0 with 30 mM NaHCOs (3 CV) also at 100 cm/hr (Figure 6). The product fraction that was 
collected began when the UV271 reading rose above the base line following the SA-PEG 
impurity peak, and ended at about 5% of the maximum product peak on the trailing side of 
that peak. The pooled product was cooled to 4°C and concentrated 4-fold (to a product 
concentration of approximately 21 g/L) using a tangential flow filtration system that 

1 5 contained 1 kDa regenerated cellulose membranes. Diafiltration of the retentate with 4°C 

water (4 retentate volumes) was used to remove the salt and was continued until the permeate 
conductivity approached that of feed water. The purified CMP-SA-PEG-20 kDa solution was 
frozen and freeze-dried to dryness. 

6.3. Exemplary Process for the Production of CMP-SA-glycerol-PEG-40 kDa 
20 [0205] CMP-SA-Glycine was dissolved in water and THF (1 part to 4 parts) at a 

concentration of 2 mM. The solution was adjusted to pH 8.6 with sodium phosphate and the 
40kDa mPEG-pNP reagent (1.1 mole equivalents relative to actual moles of CMP-SA- 
Glycine) was added. The reaction was stirred at room temperature for 60-66 hours while 
maintaining the pH at 8.6. The reaction was monitored by RP-HPLC and when the reaction 
25 was complete, the reaction mixture was concentrated by rotary evaporation to remove the 

THF. The concentrated aqueous reaction mixture was diluted with water (600 mL) to adjust 
the volume to 3.4 times the original total reaction volume and the conductivity to less than 
0.5 mS/cm. The dilute product solution was loaded onto a Q-sepharose Big Beads column (5 
g of PEG reagent per liter of resin with at least a 10 cm resin bed height) at a flow rate of 30 
30 cm/hr. Non-binding material was washed from the column with 2 CV water. The SA-PEG- 
10 kDa impurity was eluted from the column) with 2 mM NaHCC>3 (1 CV) at a flow rate of 
150 cm/hr. The pure CMP-SA-glycerol-PEG-40 kDa was eluted with 30 mM NaHCOs (3 
CV) also at 150 cm/hr (Figure 7). The product fraction started when the UV271 reading rose 
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to 20% of the product peak max absorbance (allowing for removal of the SA-PEG impurity 
shoulder), and ended at about 5% of the peak maximum at the trailing side of the product 
peak (Figure 7). The pooled product was cooled to 4°C and concentrated 4-fold using a 
tangential flow filtration system that contained 1 kDa regenerated cellulose membranes (to a 
5 product concentration of approximately 6 g/L). Further concentration was limited by the large 
working volume required by the system. Diafiltration of the retentate with 4°C water (4 
retentate volumes) was used to remove the salt and was continued until the permeate 
conductivity approached that of feed water. The purified CMP-SA-glycerol-PEG-40 kDa 
solution was frozen and freeze-dried to dryness. 

10 Example 7: 

Optimization of Anion Exchange Conditions 

[0206] Q-Sepharose Big Beads resin from GE Healthcare was selected as the resin of 
choice for the purification of the CMP-SA-PEGs because the resins low cost, high binding 
capacity, high linear flow rates and quaternary amine ion binding functionality. Different 
1 5 counterion forms of the resin were examined for their ability to bind CMP-SA-PEGs 

including chloride, hydroxide, phosphate and bicarbonate ions. It was observed that the 
CMP-SA-PEGs had a low binding avidity for this resin most likely due to the large PEG 
moieties on the reagent that interfere with reagent-resin ion interactions. As a result, the 
conductivities of the load solutions was chosen to be below 1 mS/cm. 

20 [0207] The CMP-SA-PEGs did not bind to the chloride form of the resin but did bind to the 
hydroxide, phosphate and bicarbonate forms (Table 11). The hydroxide form of the resin 
could not be used in processing since when the CMP-SA-PEG was eluted using sodium 
chloride, no resolution of the SA-PEG could be achieved and the pH of the solution became 
very basic. The increase in pH caused the decomposition of the CMP-SA-PEG (Table 1 1). 

25 Elution of the product from the phosphate form of the resin using sodium phosphate (pH 7.5 
or pH 8.0) provided poor resolution of the contaminants (Table 1 1). 

[0208] Only the elution of the product from the bicarbonate form of the Q-Sepharose Big 
Bead resin with sodium bicarbonate as the elution buffer provided the separation of many of 
the related contaminants in the feed solution including CMP, SA-PEG and CMP-SA-Glycine 
30 (Figure 5). A shallow NaHCC>3 gradient or small step elution method was necessary to 
selectively elute the CMP-SA-PEGs from SA-PEG that may form during the reaction or 
production process. Only a very small step increase in conductivity was required to elute SA- 
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PEG and CMP-SA-PEG (< 30 mM NaHC0 3 , < 2.7 mS/cm). However, the other binding 
reaction components (CMP, CMP-SA-Glycine, /?-nitrophenol) were all eluted only when 
much higher NaHCOs concentrations were used. 
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Table 11: 

Purification of CMP-SA-PEG-10 kDa with a Q-Sepharose Big Beads Column using 

Various Elution Conditions 



Resin 


Elution Salt 


Elution Method 


Resolution 


Hydroxide 


NaCl 


Linear gradient 

(no buffer in the 1 M sodium chloride) 
Note: Column elution pH was > 1 1 resulting 
in decomposition of the CMP-SA-PEG 


Poor resolution of CMP 
and GSC; 

no resolution of S A-PEG 


Phosphate 


sodium 
phosphate 
(pH 7.5) 


Linear gradients; 0-15 mM Na phosphate, 
pH 7.5 in 6 CV; 

then, 15-140 mM Na Phosphate, pH 7.5 in 5 
CV; and then 0.5 M Na Phophate, pH 7.5. 


Poor resolution of CMP 
and GSC; 

no resolution of S A-PEG 


Phosphate 


sodium 
phosphate 
(pH 7.5) 


Linear gradients; 0-30 mM Na phosphate, 
in 6 CV, 30-280 mM Na phosphate in 5 CV, 
0.5 M Na phosphate. 


Poor resolution of CMP 
and GSC; 

no resolution of S A-PEG 


Bicarbonate 


NaCl 


Linear gradient; 

0-0.5 M NaCl (no buffer) in 5 CV 


Poor resolution of CMP 
and GSC; 

no resolution of S A-PEG 


Bicarbonate 


NaCl 


Linear gradient; 

0-0.3 M NaCl (no buffer) over 6 CV 


Partial resolution of CMP 
and GSC; 

no resolution of SA-PEG 


Bicarbonate 


NaCl 


Step elution from 0 to 30 mM NaCl (no 
buffer); 

then linear gradient 30-250 mM NaCl over 
5 CV 


Separation of CMP 
and GSC; 

no resolution of SA-PEG 


Bicarbonate 


sodium 
phosphate 
(pH 8.0) 


Linear gradient; 0-30 mM Na phosphate, 
pH 8 over 6 CV, 

then 30-280 mM Na phosphate in 5 CV 


Good resolution of CMP 
and GSC; 

no separation of SA-PEG 


Bicarbonate 


sodium 
bicarbonate 


Step from 0 to 0.01% NaHC0 3 for 1.5 CV; 
then a step to 0.1% NaHC0 3 for 1.5 CV; 
then a linear gradient from 
30 mM - 280 mM NaHC0 3 over 5 CV 


Good resolution of CMP 
and GSC; 

no TPQoliition of* S» A-PT^^t 


Bicarbonate 


sodium 
bicarbonate 


Linear gradient; 0-30 mM NaHC0 3 in 3 CV, 

then 30 mM NaHC0 3 for 2 CV, 

then linear gradient from 30-280 mM NaHC0 3 
over 5 CV 


Excellent resolution of 
CMP and GSC; partial 
resolution of SA-PEG 


Bicarbonate 


sodium 
bicarbonate 


Step elution; 0-5 mM NaHC0 3 over 0.6 CV, 

then step to 30 mM NaHC0 3 and hold for 3 
CV, 

then step to 1 M NaHC0 3 or NaOH 


Excellent resolution of all 
contaminants including 
SA-PEG 


Chloride 




CMP-SA-PEG does not bind 





5 [0209] In Table 1 1 , the conductivity of the concentrated and diluted coupling reaction 
mixture solution was <1.0 mS/cm. Resolution means separation of CMP-SA-PEG-10 kDa 
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product from other related contaminants (e.g., CMP, GSC, SA-PEG, PEG and p-nitrophenol). 
PEG and p-nitrophenol were easily separated from the product by all of the methods except 
when the resin was in the chloride ion form. The phosphate buffer at pH 8.0 was also 
examined by the same elution methods. Similar results were observed as seen for the 
5 phosphate buffer at pH 7.5. 

Step Elution Optimization. 

[0210] Using the HC0 3 form of the Q Sepharose Big Beads resin, step elution conditions 
with NaHCOs buffer were carefully optimized for each CMP-SA-PEG product. The 
resolution between the early eluting SA-PEG impurity peak and the product was maximized. 

1 0 Small steps from water to low NaHCC>3 concentrations (30 mM, 10 mM, 5 mM) were 

investigated for CMP-SA-PEG- 10 kDa as described in Table 12. Baseline resolution was 
achieved between SA-PEG- 10 kDa and the product with an initial step to 5 mM NaHCC>3. 
Although the product also eluted at 5 mM NaHCCb concentration, the product peak elution 
profile was very broad. Therefore after 0.6 CV at 5 mM, the gradient was immediately 

1 5 stepped to 30 mM NaHC0 3 . The pure CMP-SA-PEG-10 kDa was efficiently collected in 
approximately 1 .5 CV at pH 8.3-8.6 as shown in Figure 3. The more tightly bound CMP, 
CMP-SA-Gly and ^-nitrophenol impurities were eluted with a step elution to 1 M NaHCC>3. 
The SA-PEG- 10 kDa peak was also collected, desalted (on a G-25 column, not described) 
and freeze-dried. Analysis of the solid by X H-NMR verified its structure. 

20 [021 1] In order to achieve the same baseline separation between the SA-PEG-20 kDa and 
the CMP-SA-PEG-20 kDa product, an initial step elution to 2 mM NaHCC>3 was required 
(Figure 6). The product also began to elute at 2 mM NaHC0 3 . To avoid a very broad elution 
product peak, the gradient was stepped to 30 mM NaHCC>3 after only 1 CV at 2 mM sodium 
bicarbonate. The pure product was collected in approximately 1.5 CV at pH 7.8 (Figure 5). 

25 The SA-PEG-20 kDa peak was also collected, desalted (on a G-25 column, not described) 
and freeze-dried. Analysis of the solid by X H-NMR verified its structure. 
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Table 12: 



Optimization of Q-Sepharose Big Beads Elution Conditions for CMP-SA-PEG-10 kDa 





PEG 
Load* 
(grams 
PEG/L 
resin) 


Volumetric 
Flow Rate 
Load/ 
wash/Elution 
(mL/min) 


Linear 
Flow 

rvaic 

Load/ 
Elution 
(cm/hr) 


Gradient 


Comments 


1 


11 g PEG 
/ L resin 


1.7/3.4/3.4 


19.2/ 
38.4 


Water wash 3.2 CV, 

10 mM NaHC0 3 for2.5 CV, 

10-30 mM NaHC0 3 over 1.5 

CV, 

30 mM NaHCOs for 1 CV, 
30-280 mM NaHCOs in 5 CV, 
1 M NaHC0 3 for 2 CV. 


Some resolution of SA- 
PEG and CMP-SA-PEG, 
but product elution 
begins at 10 mM 
NaHCOs ■ 


2 


11 g PEG 
/ L resin 


1.7/3.4/3.4 


19.2/ 
38.4 


Water wash 3.2 CV, 

5 mM NaHCOs for 2 CV, 

10 mM NaHCOs for 2 CV, 

20 mM NaHCOs for 2 CV, 

30 mM NaHCOs for 2 CV, 

30-280 mM NaHCOs over 1 

CV, 

280 mM-1 M NaHCOs over 1 
CV, 

1 M NaHCOs for 2 CV. 


Good resolution of SA- 
PEG and CMP-SA-PEG. 
Product elution begins at 
10 mM NaHCOs. 


o 
o 


11 g PEG 
/ L resin 




19.2/ 
100 


Water wash 2.2 CV, 

30 mM NaHCOs for 3 CV, 

30-280 mM NaHCOs over 1 

CV, 

280 mM-1 M NaHCOs over 1 
CV, 

1 M NaHCOs for 2 CV. 


Poor resolution of SA- 
PEG and CMP-SA-PEG. 


4 


22 g PEG 
/ L resin 


1.7/3.4/3.4 


19.2/ 
38.4 


Water wash 2.2 CV, 

30 mM NaHCOs for 3 CV, 

30-280 mM NaHCOs over 1 

CV, 

280 mM-1 M NaHCOs over 1 
CV, 

1 M NaHCOs for 2 CV. 


No resolution of SA-PEG 
and CMP-SA-PEG. 


5 


11 n per; 

i i g nto 
/ L resin 


1.7/8.9/8.9 


1Q O / 

100 


Water wash 2.2 CV, 
5 mM NaHCOs for 0.6 CV, 
30 mM NaHC0 3 for 3 CV, 
1 M NaHCOs for 7 CV. 


Best separation of SA- 
PEG and CMP-SA-PEG. 


6 


8.2 g PEG 
/ L resin 


1.7/8.9/8.9 


19.2/ 
100 


Water wash 2.2 CV, 

5 mM NaHCOs for 0.6 CV, 

30 mM NaHCOs for 3 CV, 

30-280 mM NaHC0 3 over 1 

CV, 

280 mM-1 M NaHCOs over 1 

CV, 

1 M NaHCOs for 7 CV. 


Best separation of SA- 

r-\ r— _ j /-X ft /i r-\ OA i— \r~ 

PEG and CMP-SA-PEG. 
Inadvertent under- 
loading of column. 
Collected and confirmed 
identity of all peaks by 
RP-HPLC. 


7 


10 g PEG 
/ L resin 


65/130 


50/100 


Water wash 2.2 CV, 
5 mM NaHCOs for 0.6 CV, 
30 mM NaHCOs for 3 CV, 
1 M NaHCOs for 7 CV. 


Best separation of SA- 
PEG and CMP-SA-PEG. 

Figure 3. 
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[0212] In Table 12, Q Big Beads Column is GE XK-26 (2.6 cm x 18.8 cm, 100 mL), bicarbonate 
ion form for experiments 1-6 and GE BPG 100/500 Column (10 cm x 26 cm, 2 L) bicarbonate form 
for experiment 7. PEG load was calculated from the mass of 10 kDa-mPEG-pNP in grams used in the 
5 source reaction multiplied by the fraction of the final reaction volume that was loaded on the column 
divided by the column volume in liters 

[02 1 3] The CMP-SA-glycerol-PEG-40 kDa bound very weakly to the Q-Sepharose Big 
Beads resin. The product and SA-PEG by-product were both eluted using a step elution to 2 
mM NaHCC>3. The SA-PEG-40 kDa impurity was partially resolved as a very small shoulder 
1 0 on the leading edge of the product peak (Figure 8). When the CMP-SA-glycerol-PEG-40 kDa 
was collected using 2 mM sodium bicarbonate, a broad elution peak (3 CV) was collected. 
The pH of this elution peak was only 6.5 which caused product decomposition. 

[0214] Therefore, the SA-PEG-40 kDa was eluted using a step elution with 2 mM sodium 
bicarbonate (1 CV). The product was then eluted by increasing the step elution with 30 mM 

1 5 NaHCCb to quickly elute the product as shown in Figure 7. Using these conditions, the CMP- 
SA-glycerol-PEG-40 kDa product was collected from the column in 2 CV with a pH of 7.4. 
Further pH adjustment was not necessary. The unusual peak shape observed in Figure 5 could 
be prevented by shortening the 2 mM NaHCCb step from 1 full column volume (CV) of 
elution to 0.5 CV, as was done with the 10 kDa product (Figure 4). Process step recoveries 

20 for this unit operation were routinely found to be in excess of 95 as determined by RP-HPLC 
(Figures 7). The SA-PEG-40 kDa peak was also collected and freeze-dried. Analysis of the 
solid by L H-NMR verified its structure. 

[02 1 5] Process Parameters . The rotavapped reaction mixtures of the CMP-S A-PEG- 1 0 
kDa and 20 kDa products were preferably diluted until the conductivities were reduced to less 

25 than 1 and 0.8 mS/cm, respectively. In addition, the pH of the solution were preferably 
between 7.1 - 7.6 to ensure complete capture of the product. The diluted solutions were 
loaded onto the AEX column at concentrations that corresponded to 10 g of activated mPEG- 
pNP starting reagent used for the reaction per liter of AEX resin. Higher product column 
loads could be used for the CMP-SA-PEG-10 kDa product (22 g mPEG-pNP/L resin) but 

30 resolution between the SA-PEG and CMP-SA-PEG-10 kDa was lost (Table 1 1). 

[0216] The conductivity of the rotavaped CMP-SA-glycerol-PEG-40 kDa reaction mixtures 
were preferably reduced to below 0.5 mS/cm by water dilution. In addition, the pH of the 
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solution was preferably between 7.1- 7.6 to insure complete capture of the product. A 
small-scale loading study indicated that about 1 liter of Q-Sepharose Big Beads resin is 
required for each 5 grams of 40 kDa-mPEG-pNP starting reagent used in the reaction. Thus a 
4 L column should be sufficient to capture the CMP-SA-glycerol-PEG-40 kDa reaction 
5 product that began with 20g of 40 kDa-mPEG-pNP . This is about 70% of the maximal 

loading capacity for the AEX resin using these elution conditions. There were no observed 
differences in the performance of the chromatography with column bed heights between 15 
and 28 cm. 

[0217] The concentrated, diluted reaction mixtures were loaded onto the AEX column at 
1 0 linear flow rates of 15-50 cm/hour (corresponding to 20-65 mL/min on a 2 L column). In all 
cases the residence time of the load solution on the column was approximately 15 minutes. 
Using a 2 L AEX column, wash and elution flow rates of 100-150 cm/hr (130 - 200 mL/min 
for the 2 L column) were used for all three CMP-SA-PEG products. Therefore, the total unit 
operation time including reaction mixture loading and product elution was less than 1.5 hrs 
1 5 (Figures 3, 5 and 7). Higher elution flow rates, up to 200 cm/hr, were used with no observed 
loss in resolution between the SA-PEG-20 kDa and CMP-SA-PEG-20 kDa product. 

Example 8: 

Optimization of Ultrafiltration/Diafiltration Desalting Step (TFF) 

[0218] The CMP-SA-PEG ion-exchange elution pools were concentrated and desalted 
20 using ultrafiltration/diafiltration (TFF). The TFF system used Millipore Pellicon-2 flat sheet 
membranes (1 kDa MWCO; regenerated cellulose membranes) to desalt the feed solution and 
retain the products. 

Exemplary Tangential Flow Filtration Process. 

[02 1 9] CMP-SA-PEG- 1 0 kDa ion-exchange product pool (1500 mL, Figure 4) and CMP- 
25 SA-PEG-20 kDa ion-exchange product pool (Figure 6) were both desalted using the Pellicon 
2 "MINI" system with 3 x 0.1 m 2 membranes (Table 1) using a peristaltic pump. 
Transmembrane pressures of approximately 22 psi were used which created a flux of 
approximately 3.7 LMH. 

[0220] Due to the large elution volumes from the AEX elution pools for CMP-SA-glycerol- 
30 PEG-40 kDa (Figures 7), the elution pools were desalted using 2 x 0.5 m 2 membranes (Table 
4). A peristaltic pump was used for this system which created a flux rate of 3 LMH with a 
TMP of 20 psi. The Q-sepharose Big Beads elution product pool was chilled in an ice bath 
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during processing to prevent the decomposition of CMP-SA-glycerol-PEG-40 kDa as a result 
of the heat created from the pump. 

[0221] The retentate solutions processed on the MINI system were concentrated to 500 mL 
(3 fold for CMP-SA-PEG-lOkDa, 4 fold for CMP-SA-PEG-20kDa) corresponding to product 
5 concentrations of 14.3 g/L and 21 g/L respectively. No product breakthrough was observed in 
any of the permeate samples (RP-HPLC). Due to the large system hold-up volume of the 0.5 
m 2 system (approximately 400 mL for 2 membrane cartridges) the minimum retentate volume 
that could be achieved was only 1 L (4-6 fold concentration). The resulting product 
concentration was quite dilute at approximately 5 g/L, which was much lower than the 20 g/L 
1 0 achieved for the smaller 20 kDa product. 

[0222] After concentration, the retentates were each diafiltered at constant volume using 4 
diavolumes of chilled water (2 L for the 10 and 20 kDa product; 4 L for the 40 kDa product). 
Permeate samples were collected throughout the concentration and diafiltration process and 
the pH and conductivity were recorded. The diafiltration was complete when the 
1 5 conductivity of the permeate solutions approached that of the water used for diafiltration (< 
50 microS/cm). 

Table 8: 

[0223] The final diafiltered retentate pools were analyzed by RP-HPLC and freeze dried to 
provide a white powder over a period of approximately 3 days. The final freeze dried TFF 

20 products were analyzed by RP-HPLC and NMR to determine product recovery (90-95%) and 
purity (>90%, Tables 2, 3, 5 and 6). Overall product recoveries for the combined reaction, 
rotoevaporation, ion-exchange, TFF unit operations and freeze-drying were 65-77%. X H- 
NMR verified each products structure and ICP testing indicated that each product structure 
was in the disodium form. ICP testing also indicated that no additional sodium salts were 

25 present. 

[0224] The purity and overall yield calculations are based on estimated average masses of 
the mPEG's used to produce each of the CMP-SA-PEG products (10,700 for CMP-SA-PEG- 
10 kDa; 20,700 for CMP-SA-PEG-20 kDa; 43,347 for CMP-SA-glycerol-PEG-40 kDa) as 
reported by the manufacturer. Underestimation of product molecular weights results in an 
30 underreporting of product content by RP-HPLC and therefore underestimation of product 
purity. 
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WHAT IS CLAIMED IS: 

11. A method of making a composition comprising a modified nucleotide sugar 

2 covalently linked to a polymeric modifying group, said polymeric modifying group 

3 comprising at least one linear or branched poly(alkylene oxid) moiety, said method 

4 comprising: 

5 (i) contacting a reaction mixture comprising said modified nucleotide sugar with an 

6 anion exchange medium; 

7 (ii) eluting said nucleotide sugar from said anion exchange medium forming an eluate 

8 fraction comprising said modified nucleotide sugar; and 

9 (iii) desalting said eluate fraction, 

1 0 wherein said method does not comprise ultrafiltration prior to step (i), 

1 1 thereby forming said composition. 

1 2. The method of claim 1, wherein said reaction mixture has a salt conductivity of less 

2 than about 5 mS/cm. 

1 3. The method of claim 1 or 2, wherein said anion exchange medium is a member 

2 selected from a quaternary ammonium resin and a diethylaminoethyl (DEAE) resin. 

1 4. The method of claim 3, wherein said anion exchange medium is a bicarbonate form 

2 of a quaternary ammonium resin. 

1 5. The method of any of the preceding claims, wherein said anion exchange medium is 

2 a Q-sepharose resin. 

1 6. The method of any of the preceding claims, wherein said modified nucleotide sugar 

2 is eluted from said anion-exchange medium using a bicarbonate buffer. 

1 7. The method of claim 6, wherein said buffer includes between about 0.01 mM and 

2 about 30 mM of said bicarbonate. 

1 8. The method of any of the preceding claims, wherein said desalting is accomplished 

2 using membrane filtration. 

1 9. The method of claim 8, wherein said membrane filtration is tangential flow 

2 filtration (TFF). 
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1 10. The method of claim 8, wherein said membrane filtration reduces volume of said 

2 eluate fraction. 

1 11. The method of claim 8, wherein said membrane filtration results in reduced salt 

2 conductivity of said eluate fraction compared to said salt conductivity prior to said membrane 

3 filtration. 

1 12. The method of claim 11, wherein said reduced salt conductivity of said eluate 

2 fraction is between about 10 ]uS/cm and about 200 ]u,S/cm. 

1 13. The method of claim 11, wherein said reduced salt conductivity of said eluate 

2 fraction is less than about 50 ]uS/cm. 

1 14. The method of any of the preceding claims further comprising prior to step (i): 

2 (iv) reducing volume of said mixture. 

1 15. The method of claim 14, wherein said reducing is accomplished using rotary 

2 evaporation. 

1 16. The method of any of the preceding claims further comprising: 

2 (v) subjecting said eluate fraction comprising said modified nucleotide sugar to freeze 

3 drying or spray drying. 

1 17. The method of any of the preceding claims, wherein said poly(alkylene oxide) 

2 moiety is a linear or branched poly(ethylene glycol) moiety. 

1 18. The method of claim 17, wherein said poly(ethylene glycol) moiety has a molecular 

2 weight between about 5 kDa and about 500 kDa. 

1 19. The method of claim 17, wherein said poly(ethylene glycol) moiety has a molecular 

2 weight between about 1 0 kDa and about 1 00 kDa. 

1 20. The method of any of the preceding claims, wherein said sugar of said modified 

2 nucleotide-sugar is a member selected from a GlcNAc moiety, a GalNAc moiety and a sialic 

3 acid (SA) moiety. 

1 21. The method of any of the preceding claims, wherein said modified nucleotide-sugar 

2 comprises cytidine-monophospho-sialic acid (CMP-SA). 

1 22. The method of claims 21, wherein said nucleotide sugar is cytidine-monophospho- 

2 sialic acid (CMP-SA) covalently linked to a linear or branched poly(ethylene glycol) moiety. 
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1 23. The method of claim 22, wherein said branched poly(ethylene glycol) moiety 

2 comprises a glycerol backbone. 

1 24. The method of any of the preceding claims, wherein said modified nucleotide-sugar 

2 is a member selected from: 



3 



4 




5 wherein 

6 each n is an integer independently selected from 1 to 2500; 

7 each Q is a member independently selected from H, a negative charge and a salt 

8 counter ion; and 

9 each Q 1 is a member independently selected from H, methyl, ethyl, propyl, butyl, 
1 0 pentyl and hexyl. 

1 25. The method of claim 24, wherein n is selected from 200 to 500. 

1 26. The method of any of the preceding claims, wherein said method provides said 

2 modified nucleotide-sugar in a purity between about 80% and about 100% (w/w). 

1 27. The method of any of the preceding claims, wherein said method provides said 

2 modified nucleotide sugar in an overall yield from about 50% to about 90%. 

1 28. The method of any of the preceding claims further comprising prior to step (i): 

2 (vii) contacting a nucleotide sugar derivative comprising a primary amino group with 

3 an activated poly(alkylene oxide) moiety under conditions sufficient to form a 
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4 covalent bond between said amino group of said nucleotide sugar derivative 

5 and said poly(alkylene oxide) moiety. 

1 29. The method of claim 28, wherein said nucleotide sugar derivative is CMP-SA- 

2 glycine. 

1 30. The method of claim 28 or 29, wherein said activated poly(alkylene oxide) moiety 

2 comprises a /?-nitrophenyl carbonate moiety. 

1 31. The method of any one of claims 28 to 30, wherein said nucleotide sugar derivative 

2 and said poly(alkylene oxide) reagent are contacted in the presence of an aqueous solvent 

3 having a pH between about 8.0 and about 8.8. 

1 32. The method of any one of claims 28 to 31, wherein said poly(alkylene oxide) 

2 reagent is a poly(ethylene glycol)-/?-nitrophenyl carbonate. 

1 33. A modified nucleotide sugar produced by the method according to any one of 

2 claims 1 to 32. 

1 34. A method of making a composition comprising a modified nucleotide sugar 

2 covalently linked to a polymeric modifying group, said polymeric modifying group 

3 comprising at least one linear or branched poly(alkylene oxid) moiety, said method 

4 comprising: 

5 (i) contacting a nucleotide sugar derivative comprising a primary amino group with an 

6 activated poly(alkylene oxide) moiety comprising a /?-nitrophenyl carbonate 

7 moiety under conditions sufficient to form a covalent bond between said 

8 amino group of said nucleotide sugar derivative and said poly(alkylene oxide) 

9 moiety, wherein said contacting occurs in the presence of an aqueous solvent 

1 0 having a pH between about 8.0 and about 8.8, thereby forming a reaction 

1 1 mixture comprising said modified nucleotide sugar; 

1 2 (ii) contacting said reaction mixture comprising said modified nucleotide sugar with 

1 3 an anion exchange medium; 

1 4 (iii) eluting said modified nucleotide sugar from said anion exchange medium 

1 5 forming an eluate fraction comprising said modified nucleotide sugar; 

1 6 (iv) desalting said eluate fraction using membrane filtration; and 

1 7 (v) removing water from said eluate fraction, 
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wherein said method does not comprise ultrafiltration prior to step (i), 
thereby forming said composition. 

35. The method of claim 34, wherein said nucleotide sugar derivative is CMP-SA- 
glycine. 

36. The method of claim 34, wherein said modified nucleotide sugar is CMP-SA 
covalently linked to a linear or branched poly(ethylene glycol) moiety. 

37. The method of claim 36, wherein said poly(ethylene glycol) moiety has a molecular 
weight between about 10 and about 100 kDa. 

38. A modified nucleotide sugar produced by the method of any one of claims 34 to 37. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 6 
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Figure 7 
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Figure 8 
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